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ABSTRACT 
The fourteen-membered chelating diimine macrocycle 
7,8,9,16,17,18-hexahydro-9,18-dimethyl-dibenzo[e,1][1,8,4,11]diaza-
diarsacyclotetradecine has been prepared and subsequently converted by 
lithium aluminium hydride (LAH) reduction into the corresponding 
quadridentate diamine 5,6,7,8,9,14,15,16,17,18-decahydro-9,18-
dimethyl-dibenzo[e,~J[1,8,4,11]diazadiarsacyclotetradecine. Both 
compounds can exist as racemic (R*,R*) and meso (R*,S*) diastereomers 
due to the presence of two pyramidally stable tertiary arsenic 
stereocentres in each compound. The meso form of the diimine was 
formed stereospecifically, and in quantitative yi el d, when (±)-1 ,3-
dimethyl-2-[2-[methyl(2-aminoethyl)arsino]phenyl]imidazolidine was 
heated at ca. 80 °c for several hours in vacuo (with elimination of 
N,N'-dimethyl-1 ,2-ethanediamine). It was transformed into the 
corresponding meso diamine by LAH reduction. Both compounds were 
obtained as air-stable crystalline solids. A trace of acid converted 
the achiral meso-diimine into chiral monoimine (±)-2,3-dihydro-1-
methyl-4,1-benzazarsepine in solution. The monoimine, however, 
' 
spontaneously and stereospecifically dimerised back to meso-diimine 
upon removal of the solvent, although it was trapped as the 
corresponding mono amine (±)-2,3,4,5-tetrahydro-1-methyl-4,1-
benzazarsepine by reduction with LAH. 
The optically active diimine was prepared from the 
diastereomerically pure complex [1-[1-(dimethylamino)ethyl]-2-
naphthalenyl-C2,N][2-[methyl(2-aminoethyl)arsino]benzenemethanol-
As,N]palladium(II) hexafluorophosphate 2-propanol solvate, in high 
yield, which was obtained by the fractional crystallisation of the 
(ii) 
pair of internally diastereomeric palladiurn(II) complexes containing 
the optically active di-µ-chlorobis[1-[1-(dimethylamino)ethyl]-2-
naphthalenyl-C2,N]dipalladiurn(II) and the ligand (±)-2-[methyl(2-
aminoethyl)arsino]benzenemethanol. The barium manganate oxidation of 
the benzenemethanol complex gave the corresponding aldehyde complex 
which was unexpectedly converted, in the presence of N,N'-dimethyl-
1 ,2-ethanediamine and molecular sieves, into an unusual complex 
containing the optically resolved diimine. The latter complex could be 
isolated as yellow or as orange crystals, depending upon the choice of 
solvent. The 1H NMR spectra of the two isomers in dichloromethane were 
identical. The molecular structures and the absolute configurations of 
the asymmetric stereocentres in the two complexes were established by 
single crystal X-ray analyses of both the yellow and the orange 
products. The crystalline optically active diimine macrocycles were 
stereospecifically displaced from the optically pure yellow or orange 
complexes with use of (R*,R*)-1 ,2-phenylenebis(methylphenylphosphine). 
They had [a]D±99.8° in dichloromethane solution. The corresponding 
optically active diamine macrocycles were obtained as crystalline 
di-chloroform solvates with [aJ0±190° in dichloromethane solution. 
The optically active diimines were converted into the 
corresponding monoamines by treatment with a trace of trifluoroacetic 
acid (TFAH), followed by LAH . The optically pure monoamines were 
obtained by distillation as colourless liquids with [a]D±104° 
(dichloromethane). 
It was also found that the meso diimine reacted with the 
resolving agent in the presence of TFAH and NH 4 PF 6 to produce a 
diastereomeric mixture containing the chiral diimine macrocycle. One 
(iii) 
diastereomer was readily isolated in 90% yield by fractional 
crystallisation of the mixture . 
The square-planar palladium(II) complexes of the various 
macrocyclic ligands have also been prepared. They were found to be 
colourless to pale yellow crystalline complexes, with the exception of 
the yellow glassy materials obtained for the optically active diimine 
complexes . Interconversion between the enantiomers of the free diamine 
macrocycles did not take place under mineral acid catalytic 
conditions. Complexes of the mesa diamine, however, were 
stereospecifically converted into the corresponding racemic form upon 
heating in dimethyl sulfoxide or water. This unique transformation 
provided an efficient method for the preparation of the racemic form 
of the diamine. 
As an extension of the above work, the related macrocycles 
6,7,15,16-tetrahydro-dibenzo[f,m ][l , 8 ,4,11 ]dioxadiazacyclotetradecine 
and 6,7,15,16-tetrahydro-di benzo[f,m][1 ,8,4, 11 ]dithiadiazacyclotetra-
decine were also prepared. The diimines were reduced with LAH into the 
corresponding diarnines. All of these compounds are air-stable 
crystalline solids. As with the arsenic analogues, a trace of acid 
' 
converted the diimines into the respective monoimines . 
Dichloro-nickel(II) complexes of the macrocycles were 
prepared and their structures were determined by single crystal X-ray 
analyses and the structures were compared with previously knowh 
complexes . The complex of the oxygen-containing diamine macrocycle had 
a trans-octahedral geometry around the nickel(II) atom , whereas the 
sulfur analogue was cis-octahedral. 
(iv) 
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NOMENCLATURE 
Nomenclature of Macrocycles 
The compounds mentioned in the text have been named according 
to the latest Chemical Abstracts Index Guide . 118 The parent compound 
for the fourteen-membered N2 0 2 macrocycles was found in the Chemical 
11 9 Abstracts Parent Ring Systems Handbook. The parents for the S 2 N2 
and As 2 N2 compounds have been named accordingly. 
Fourteen-membered Trans-0 2N2 Macrocycles 
Parent Structure 
14 
13 0 l7 1 
(s)~N1/ [11] 
(4) 
/N~(1] 
10 8 0 4 5 
Dibenzo[f ,m] [1 ,8 ,4, 11 ]dioxadiazacyclotetradecine 
- - \ 
Macrocycles 110 and 137 have accordingly been named as 
6,7,15,16-tetrahydro-dibenzo[f,m][1 ,8,4,11]dioxadiazacyclotetradecine 
and 6, 7 ,8 ,9, 15, 16, 17, 18-octahydro-dibenzo[f ,m] [1 ,8 ,4, 11, ]dioxa-
diazatetradecine, respectively. 
Fourteen-Membered Trans-S 2N2 Macrocycles 
The nomenclature of S 2 N2 type macrocycles follows that of the 
trans-0 2 N2 compounds. 
(xiii) 
Parent Structure 
14 
13 1 
5~17 
[s] ~ N1/ 
[4] [11] 
~N~[1] 
8 S 
10 4 
5 
Dibenzo[f ,m] [1 ,8 ,4 ,'11 ]dithiadiazacyclotetradecine 
The derivatives 136 and 138 are therefore named as 6,7,15,16-
tetrahydro-dibenzo[f,m][1 ,8,4,11]dithi adiazacyclotetradecine and 
6,7,8,9,15,16,17,18-octahydro-dibenzo[ f,m][1 , 8 ,4,11]dithiadiazacyclo-
tetradecine, respectively. 
Fourteen-membered Trans-As 2N2 Macrocycl es. 
The nomenclature of the As 2 N2 system differs from that of the 
11 8 11 9 previous two as a result of the Sequence Rules . . ' 
Parent Structure 
18 
13 1s As 1 ~ rsi~~ 
8 (1] 
[4~N ~ ~ 
10 As 
6 
4 
9 
Di benzo[ e ,l:_] [ 1 , 8, 4, 11 J diazadiarsacyclotetradecine 
(xiv) 
Accordingly, macrocycles 74 and 75 are named as 
7 ,8,9,16,17 ,18-hexahydro-9,18-dimethyl-dibenzo[e,l][1 ,8,4,11]-
diazadiarsacyclotetradecine and 5,6,7,8,9,14,15,16,17,18-decahydro-
9,18-dimethyl-dibenzo[e,l][1 ,8,4,11]diazadiarsacyclotetradecine, 
respectively. 
The stereochemical nomenclature adopted is also consistent 
with the recent Chemical Abstract Index Guide. 118 The absolute 
configuration of each stereoisomer is specified by the descriptors R 
or S. For example, the meso diastereomer of diimine 74 has the 
systematic name (9R*,18S*)-7,8,9,16,17 ,18-hexahydro-9,18-dimethyl-
dibenzo[e,1][1 ,8,4,11]diazadiarsacyclotetradecine and the optically 
active forms [R-(9R*,18R*)]-(+)-7,8,9,16,17,18-hexahydro-9,18-
dimethyl-dibenzo[e,l][1 ,8,4,11]diazadiarsacyclotetradecine and [S-
(9R*,18R*)]-(-)-7,8,9,16,17 ,18-hexahydro-9,1 8-dimethyl-
dibenzo[e,1][1 ,8,4,11]diazadiarsacyclotetradecine . 
The descriptor [R-(9R*,18R*)] denotes the R configuration for 
both arsenic stereocentres in the ring (positions 9 and 18). For 
clarity in the text, however, the full stereochemical descriptors, 
which may also contain parts d~fining the geometries of the metal 
centres in complexes, have been omitted, although they are given in 
the Experimental Section. 
When two or more asymmetric stereocentres of different types 
t th d · d · order of CIP76 are presen, ey are arrange 1n ecreas1ng sequence 
rule preference in the descriptor. Thus, for diastereomer 
[S-(R*,R*,S*)]-92 (containing both arsenic and carbon asymmetric 
stereocentres), the absolute configurations of the two As and the 
single C stereocentres are S, S, and R, respectively. 
(xv) 
Nomenclature of Monomers 
The nomenclature of the monomers is based upon the parent 
structure shown below. 
1 
X=As, 1[H]-4,1-benzazarsepine 
X=O, 1 ,4-benzoxazepine 
X=S, 1 ,4-benzthiazepine 
CHAPTER ONE 
·INTRODUCTION 
Acyclic multidentate ligands have long been known and their 
coordination chemistry has been extensively studied. 1 ' 2 Cyclic 
analogues of linear ligands are also well known, although it is only 
during the past twenty five years that a large number of macrocyclic 
complexes have been prepared and investigated. 3 One of the main 
reasons for the early interest in synthetic macrocycles has been 
their analogy with the more intricate biological macrocylic syst ems. 
More recently, however, research on synthetic macrocycles has ran ge d 
over the whole spectrum of chemistry. 4 
1.1 General Considerations for the Synthesis of Macrocyclic Ligands 
Reviews covering the various aspects of the design of 
chelating macrocycles have appeared in the lit erature. 3, 4 , 5 In the 
synthesis of chelating macrocycl es many factors, in addit ion to those 
involved with usual organic ligand synthesis, have to be considered . 
Foremost among these are the constraints imposed upon the position of 
the donors in the cyclic complex, the relative positions of the 
macrocyclic donors with respect to one another, and the positions of 
the donors with respect to the central metal ion and other ligands in 
the same complex. These effects often restrict the poss ible 
conformations of the macrocycle and determine the configurations of 
its donors upon coordination. 
The in-plane ligand field strength , arising from the donors 
of the ring, has been found to be greater than expected for the kind 
of donors involved. 3 The enhancement of the ligand fi eld strength 
2 
may partly be due to the constrictions of the metal-donor bond 
distances. Thus, the character of the metal-donor bonds in a 
macrocyclic complex is expected to be dependent upon the size of the 
overall macrocyclic ring and upon the sizes of the various individual 
chelate rings. Recently, a review on the specification of bonding 
cavities in macrocyclic ligands has appeared in the literature. 6 
The syntheses of macrocycles in the absence of metal ions 
have often been found to give low yields of the desired product, as a 
result of competing linear polymerisations. The yields can often be 
improved by effecting the ring-closing step under high dilution 
conditions 7 or by the addition of a metal ion during or before the 
cyclisation step; the improvement of the yield in the latter case is 
commonly referred to as the coordination template effect . 3 Early 
examples of template reactions had been demonstrated by the work 
independently carried out by Busch 3 and Curtis . 8 This effect has also 
been utilized for the preparation of three dimensional "cage" 
ligands, which are capable of encapsulating metal ions . 9 A detailed 
discussion on such molecules is, however, beyond the scope of this 
work. 
Although numerous macrocycles containing hard donors , such 
as nitrogen or oxygen , have been synthesized and their binding to 
hard metal ions has been studied in detail , reports of similar 
studies on macrocycles containing tertiary arsenic or phosphorus 
· l f 1 O ' 1 1 Th . b d h donors are relative y ew . is may e ue tote relative 
difficulty of synthesizing and handling compounds of this type , which 
are obtained as mixtures of air sensitive diastereomers due to the 
presence of pyramidally stable tertiary arsine or phosphine 
- 1 · -1 
stereocentres (E. >170 kJ mol or 130 kJ mol , 
-i nv 
. l) 12,13,14 M . . . respective y. acrocycles containing arsenic and phosphorus 
Et 
Et 
3 
donors have been prepared by both metal template and non- template 
methods . 
1.2 Metal Template Syntheses of Arsenic and Phosphorus Containing 
Macrocycles 
1 5 In 1970 , Marty et al . reported the preparation of the 
firs t macrocycl i c complex 1 with phosphorus donors . The strategy 
Ph/\ 
"-p s c~~( 
p/' J\_Js 
Ph 
1 
Br 
1 6 
adopte d was similar to that used by Busch et al . for the 
preparation of a related macrocyclic complex 3 containing sulfur and 
nitrogen donors : the synthesis was based upon the S-alkylation of the 
nickel(II) complex 2. In this reaction the nickel(II) ion 
geometrically constrained the precursor molecule in a way that 
f acilitated a double S-alkylation of 2 to give 3, as shown in 
Scheme I . 
Scheme I 
I\ Br 
N/\S N /S Et 
1/ ~ Br 1/ ~2/ Ni 
~ / ""' ~ Ni Et - /' N S N S \_J \_J 
2 3 
2 Br 
4 
An attempted synthesis of an arsenic - sulfur donor macrocycle 
with use of a similar strategy failed . 17 
The cyclic tetra(tertiary phosphino) macrocycle 7 was 
synthesized by a method which involved alkylation of · the nickel(II) 
phosphido complex 5 in the final ring closure reaction . 18 As shown 
Scheme II 
P"'-.... (l .r- Ph 2+ Ph\....(JrPh 
cp p) (Ni ( H20)&] cp~~cp) 2CI 
p{ HP-, 
JPH HP~ Ph _f Ph 
Ph Ph 
4 5 
Br Ph'-.() rph Ph'---(l .r Ph 
l Cp"'2./p) - p ' ' p ( p) Br NaCN N1 2CI p/ 'p JP . PhJ '-\ph Ph 'Ph 
6 7 
in Scheme II, the acyclic tetraphosphine 4 was first treated with 
[Ni(H 2 0) 6 ]Cl 2 to give 5 in high yield. Subsequent dialkylation of the 
cis-disposed pair of secondary phosphido groups produced macrocyclic 
complex 6 in moderate yield. The free macrocycle 7 was obtained as an 
air-sensitive oil upon treatment of 6 with cyanide . This was the 
first example of a metal template reaction involving phosphorus 
5 
at the reaction centre. It is noteworthy that the possibility of 
diastereomers arising from the presence of four asymmetric phosphorus 
groups in the product was not discussed in this work. 
Stelzer et al. have produced a series of square-planar 
complexes of palladium(II) and nickel(II) with fourteen-membered 
1 9 macrocycles, 10, containing four phosphorus donors . The strategy is 
based on the metal template ring closure reaction between the 
complexes [M(HMeP(CH 2 ) PMeH) 2 ]X 2 (M=Ni,Pd; n=2,3; X=Cl,Br), 8, and n 
dialdehydes or diketones, RC(O)(CH 2 ) C(O)R (n=0,1; R=H,Me), 9, as n 
indicated in Scheme III. A high diastereoselectivity was obtained in 
the products for R=Me and the structures of two of the diastereomers 
were established by single crystal X-ray structure determinations. 
Scheme III 
8 9 
0 
so - 10 C 
(where M=Ni,Pd; R=Me,H; X=Cl,Br; n=2,3) 
10 
A serious limitation of the method is that only symmetrical 
fourteen-membered rings are accessible by this method; larger rings 
containing unsymmetrical alkyl chains could not be prepared under the 
6 
same conditions. This difficulty was overcome, however, by a two-step 
addition (Scheme IV) of only one equivalent of the bis(secondary 
phosphine), HMeP(CH 2 ) PMeH (m=2,3), 12, to complexes of the m 
bis(tertiary phosphine) 11 with the carbonyl groups in the alkyl side 
20 
chains in a protected form. After removal of the protecting ketal 
or acetal groups from the complexes 13, M(II) (where M=Ni, Pd , Pt, 
Zn) complexes of the fourteen- or sixteen-membered macrocycles 14 
(n=2,3) were obtained. The free macrocyclic ligands could not be 
displaced from the complexes with potassium cyanide, however , due to 
decomposition. 
Scheme IV 
12 
OH 
Me\._ ~J-Me 
p *P~ 
/ ~2+/ \ -
(CH) M (CH) 2 X Z/"" 1 2n 
p p../ 
Me'J~~Me 
OH 
14 
(where M=Ni,Pd,Pt; R=Me,H; X=Cl,Br; m,n=2,3) 
7 
The first quadridentate macrocyclic ligand system containing 
21 phosphorus and nitrogen donors was synthesized by Meek et al . The 
in situ template reaction of 3,3 '- (phenylphosphinidene)bis(1-
propanamine), 2 ,6-di acetylpyridine, and [Ni(H 2 0) 6 ]X 2 (X=Br,I) in 
methanol gave the diimine complex 15. Complex 15 was reduced to 16 by 
treatment with NaBH 4 in methanol as shown in Scheme V. The newly 
generated asymmetric carbon atoms in 16 had the meso or (R*,S*) 
relative configuration. 
Scheme V 
Me ~ 
N 
Me 
HN _j;2.!- NH 2(PFsf 
C1J 
. ) 
Ph 
16 
An extension of the above work has led to the preparation of 
the series of quinquedentate macrocycles 17-20 with varying hole 
. 22 
s 1 zes. 
Me Me 
I I 
N N 
/ ~2+/ ~ 17, m=n=2 (CH2)m /M (CH2)m 2X ~ "'p) 1 8, m=2, n=2 
JP '""\ 1 9, m=3, n=2 
Ph "'- ( CH2i! Ph 20, m=n=3 
8 
Structurally modified macrocyclic complexes 21 and 22 were 
synthesized in acid catalyzed rearrangements of Schiff base 
nickel(II) complexes that had been prepared from Ni(OAc) 2 .4H 2 0 
(1 equivalent) and bis(acetylacetone)trimethyl enebis[(3-aminopropyl)-
phenylphosphine] or bis(acetylacetone)trimethylenebis[(2-aminoethyl)-
phenylphosphineJ.23 The ring closure leading to 21 or 22 was carried 
out in a mixture of acetic acid and water at pH 4 with the 
elimination of one equivalent of acetylacetone. The complex 21 exists 
in a dienato form and complex 22 in a diene form. They are both 
X -2X 
21 . 22 
diamagnetic and square-planar. A single crystal X-ray structure 
determination of 22 indicated the (R*,S*) relative configuration of 
the two asymmetric phosphorus donors in the complex. 
Another type of macrocycle with two phosphorus and two 
nitrogen donors has been synthesized by a template reaction involving 
dialkylation of a pair of cis-disposed amido groups in the neutral 
nickel(II) complex 23 (Scheme VI) . 24 The nickel(II) complex of the 
(R*,S*) diastereomer of the acyclic ligand 2,2 '-[1, 3-
propanediylbis(phenylphosphino)]bisbenzenamine was deprotonated with 
-- --
triethylamine in methanol to give 23. Subsequent treatment of 23 with 
1,3-propanediolbis(4-methylbenzenesulfonate) ' gave the neutral 
macrocyclic complex 24. The free ligand 25 was liberated by treating 
a solution of 24 in benzene with a 10% solution of aqueous NaCN. 
9 
Scheme VI 
Ph Ph Ph' 
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-
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1.3 Non-template Syntheses of Arsenic and Phosphorus Containing 
Macrocycles 
The first report of the preparation of poly(tertiary 
phosphine) containing macrocycles in the absence of metal ions 
. 25 26 
appear ed 1n 1974. ' The syntheses involved the reactions of a , w-
N 
H 
bis(phosphino)alkanes with a , w-dihaloalkanes , or 
a , w-dihalophosphonium salts with appropriate bis(tertiary 
phosphines) . The cyclic benzyl phosphonium salts 26 and 27 were 
subsequently converted into the corresponding cyclic tetra(tertiary 
phosphines) 28 and 29 with lithium aluminium hydride . No attempt was 
made to isolate the individual diastereomers of these ligands . In 
other work , Cristau e t a1 . 27 have prepared phosphorus-oxygen 
containing macrocycl es . 
((CH,)~ + 26, n=3 , X=P PhBz 
rx X \ + 27 , n=4 , X=P Bz 2 ( CH2) ( CH2 ) 2 8, n=3, X= PPh 
~x 
X __) n 29, n=4, X=PBz 
~(CH,)/ 
1 0 
28 Kyba et al . have prepared the tetra(tertiary phosphine) 
containing macrocycle 32 by treating the dinucleophilic species 30 
with the dielectrophile 31 under high dilution conditions (Scheme 
VII) . 7 Two diastereomers of the macrocycle 32 were obtained with use 
of column chromatography and fracti onal crystallisation 
Scheme VII 
(l rPh Ph (l Ph 
Ph 
"' 
r 
Cl P p p Pli 
high 
+ dilution 
Pli 
Ph Cl P 
u'"'\Ph 
J p p 
Ph V ----.Ph 
30 31 32 
. 28 29 techniques . ' Although macrocycle 32 can , in principle , exist in 
five diastereomeric forms (Figure I), an examination of the 31 P NMR 
spectrum of the crude reaction mixture prior to purification revealed 
no evidence of di astereomers other than those isolated . Both 
di astereomers had the (R* , S*) relative configuration of the 
' 1 , 2- phenylenebis(alkylphenylphosphino) moieties (Figure I, structures 
(i) and (ii)) . This was thought to be due to the steric factors 
invo lved in the key macrocyclisation reaction between the dilithio 
species and the dielectrophile . The formation of the species with the 
(R* , S*) configuration of the asymmetric stereocentres was considered 
to result from the salvation requirements of the lithium cations and 
the steric bulk of the phenyl groups . 7 Similar trends were observed 
1 1 
p p 
(i) (R*,S*,R*,S*) (ii) (R*,S*,S*,R*) 
Ph' (I ;Ph Ph ~ Ph ,1 I/// 
p p p p 
" 
Ph 
(iii) (R*,R*,S*,S*) (iv) (R*,R*,R*,R*) 
Ph,fl; Ph 
p p 
(v) (R*,R*,R*,S*) 
Figure I. The five diastereomers of macrocycle 32. 
1 2 
with related systems. 29 Lower melting diastereomer 32(i) was 
converted completely into higher melting 32(ii) in the melt 
(ca. 185 °C) as a result of a crystallization-induced asymmetric 
disequilibration. 30 
Kb 28,29,31 h f ya et al . ave also reported, with use o a 
similar strategy, the syntheses of a series of fourteen-membered 
quadridentate macrocycles containing various combinations of oxygen, 
nitrogen, sulfur, arsenic , and phosphorus donors with yields ranging 
from 20 to 50%. Subsequent work with 33-36 r evealed that the 
modifying heteroatoms Y were not coordinating to the various 
(J y Ph 
'- 33, AsMe p y 
I 34, s 
,...Ip y 35, 0 Phu 36, NMe 
transition metal centres studied ; instead , bis-ligand complexes were 
produced in which four tertiary phosphine donors were coordinated to 
the metal centres, a s exempl ifi ed by complexes [FeC1 2 [ 34 ] 2 ] and 
[ C oC 1 2 [ 3 5 ] 2 ] • 31 ' 3 2 
On the basis of these results the synthetic strategy was 
changed in order to obtain P2 Y2 macrocycles with an unsymmetrically 
substitut ed 1 , 2-phenylene skeleton , where the weaker donor atoms Y 
were better positi oned for coordination to the metal ion. The 
strategy relied upon the much greater nucleophilicity of a phosphide 
anion compared to that of a thiolate anion , thereby directing 
alkylation at phosphorus in the conversion of 37 into 38 (Scheme 
VIII). The dipotassium salt of 38, upon treatment with 
Scheme VIII 
37 
2. 
Ph 
PH 
SH 
1. 
l. 2 n -BuLi 
2 KR ' 
1 MsO ( CH 2 ) 3 OMs 
high dilution 
1 3 
Ph 
' p 
cp 
, 
Ph 
Ph ~ Ph 
"I I _r p p 
SH HS 
38 
Ph 
' 
' 
' 
:J+Cpp 55) 
, 
Ph 
( ~*. BJ-39 
1 , 3- propanedioldimethanesulphonate , gave diastereom er s (R* , R*)- 39 and 
(R* , S*) -39 as a mixture , which were subsequently separated by 
chromatography and isolated in 34% and 4% yield, respectivel y . 31 The 
stereochemistry of (R* , R*)-3 9' was established by a single crystal 
X- ray crystallographic analysis . Clearly, the synthesis of macrocycle 
44 with trans - disposed like-donors required considerably more 
strategy than that used to prepare similar cis-disposed like-donor 
ligands (Scheme IX) . 31 The highlight of this synthesis was the 
selective protection of the thiol moiety over the phosphide group in 
compound 37, with use of chloromethoxymethane and alcoholic KOH in 
THF , to give compound 4o. 33 Deprotection of the sulfur centre in 42 
was effected by treatment with n-BuSNa in hot DMF . In this way 
Scheme IX 
Ph Ph 
~0CI p~fl PH KOH/ClCH 2 0Me ~PH L n-BuLi ~ / p s ~ . 37 
SH ~ " s 2. Br (CH 2 ) 3 Cl 'S 
lOMe l 
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OMe OMe 
37 40 41 42 
..t= 
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1/ 
Ph,il 
p s 
S HP I Ph 
~Cl 
LDA/THF/0 °C 
high dilution 
Ph 
/ 
/ 
c: :,J + c: 
~ Ph p, 
SJ 
Ph Ph 
43 (8* I~*) -44 ( ~*, rr}-44 
... 
1 5 
(R*,R*)- and (R*,S*)-44 were obtained in ca. 5% and 30% yield, 
- - - -
respectively, from 43 under low-temperature high dilution 
conditions. 31 The attempted cyclization of 43 at elevated 
temperatures led to the formation of mixtures of products, which 
indicated degradation of 43. The stereochemistry of (R*,R*)-44 was 
established by a single crystal X-ray diffraction study of the 
complex [Pt{(R*,R*)-44}](PF 6 ) 2 , which also indicated a square-planar 
coordination around platinum(II) with nearly equal Pt-P and Pt-S bond 
distances. 
Kyba et a1. 32 , 34 , 35 , 35 , 37 have also synthesized a series of 
potentially terdentate macrocycles with different combinations of 
oxygen, nitrogen, sulfur, arsenic, and phosphorus donors. A typical 
example is given in Scheme X. The metal coordination studies of the 
38 39 40 41 
macrocycles of this family has also been reported. ' ' ' 
Scheme X 
Me 
Me cl') ~57 As Li 
high 
+ NMe ... NMe 
As Li cL) dilution 
_/'J Me 
Me 
45 46 47 
Multidentate arsino macrocycles with twelve-, sixteen-·, and 
twenty four-membered rings (for example 51, 52, and 53, respectively, 
42 in Figure II) have been prepared by Kauffmann et al. The 
appropriate precursors were reacted under high dilution conditions to 
effect the cyclisation. An example is given in Scheme XI. The yields 
ranged from 12-23%. Each macrocyclic product consisted of mixtures of 
1 6 
51 52 
Ph.......,- As As --.... p h 
CAs AsJ 
.J I I '1 
Ph~ Ph 
53 
("s;\o;\s~ 
Ph........- As As ---"Ph 
\_; s LI o\_J \J 
54 55 
56 
Fi gur e II . Macrocycles containing arsenic , sulfur and oxygen donors . 
1 7 
Scheme XI 
P((l 
As AsPhli 
CA,Phli + 
Cl) 
Cl As U'"'Ph 
48 49 50 
diastereomers that could not be separated. This strategy has been 
extended to the synthesis of other mixed arsenic-sulfur and arsenic-
sulfur-oxygen donor macrocyclic ligands 43 (for example 54 and 55 in 
Figure II). Recently, arsenic-sulfur donor macrocycles (example 56) 
containing side chains of variable length with additional donors have 
also been reported (Figure II) . 44 
A series of sexidentate macrocycles containing four 
phosphorus donors, as well as pairs of sulfur, nitrogen, or oxygen 
donors, have been synthesized by Ciampolini et al . 45- 55 and their 
metal coordination chemistry studied. The syntheses involved one-step 
cyclisations, as shown in Scheme XII, where two moles of the 
' dilithium salt of 1 ,2-ethanediylbis(phenylphosphine) , 57, were 
reacted with two moles of an appropriate dielectrophile, 58. Although 
the yields of 59-62 were only of the order of ca. 15%, the method has 
the advantage of being a "one-pot " synthesis, making the isolat'ion of 
air-sensitive int ermediates unnecessary. All five diastereomers of 59 
and 60, designated as a,8,Y,o, and E (Figure III), have been 
Ph 
(
Pli 
Pli 
Ph 
57 
1 8 
Scheme XII 
58 
59, X=O n=2 
60, X= S n=2 
61 , X=NCH 2 CH2 CH 3 n=2 
62, X=S n=3 
isolated by fractional crystallization or by chromatography of metal 
derivatives . As expected , the a-diastereomer , wh i ch contains four 
non-equivalent phosphorus stereocentres , gave rise to four signals in 
the 31 P NMR spectrum , whereas , isomers 8-E each gave only one signal . 
It was also noted that the 31 P NMR chemical shift values depended 
upon the relative chiralities of each pair of phosphorus centres 
spanned by the ethyl moiety . The signals due to diastereomers in 
which these units had the (R*,R*) relative configuration of 
asymmetric donors appeared at ' lower field compared to those 
containing the corresponding (R*,S*) arrangement . Thus, the four 
signals arising from the a-diastereomer appeared in two pairs, one at 
low field and the other at higher field . On similar grounds the B-
and o-diastereomers gave one low field singlet each, whereas the Y-
and s-diastereomers each gave one singlet at higher field. 45 The 
five diastereomers are interconvertible at relatively high 
temperatures through epimerization of the tertiary phosphorus 
centres , which leads to an equilibrium mixture of a (ca . 50%) 
1 9 
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Figure III . The five diastereomers of P4 X2 -macrocycles (where X=O , S, 
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and S,Y,o,and E (ca. 12% each) . The relative absolute configurations 
of the asymmetric stereocentres of the ligands were determined by X-
ray crystal structure analyses of metal derivatives. A detailed study 
of the coordinating behaviour of these macrocycles has revealed that 
chelation is markedly dependent on the relative mutual chiralities of 
the tertiary phosphino groups, the nature of the groups X, and on 
(l 8 
Figure IV . Cobalt(II) complexes of a- a nd B- diastereomers of 
macrocycle 59. 
the metal ion. 55 For instance , the potentially sexidentate a- and B-
diastereomers of the macrocycle 59 (two oxygen and four phosphorus 
donors) gave distorted square-pyramidal and distorted octahedral 
complexes with cobalt(II) , respectively (Figure IV). 45 The 
quinquedentate behaviour of the a-diastereomer was attr ibuted to be a 
consequence of the mutual chiralities of the phosphorus centres , 
which placed the second oxygen atom in an unfavourable position for 
coordination to the metal ion. 
To date, no optically active macrocycles containing 
asymmetric tertiary arsenic or phosphorus donor atoms have been 
21 
prepared. Work in this area has probably been deterred by the 
inherent difficulties associated with resolving such stereocentres. 
1.4 Optical Resolution of Arsenic and Phosphorus Containing Ligands 
The classical method of resolution of tertiary arsenic and 
phosphorus stereocentres involves the separation of a pair of 
diastereomeric salts containing the ligand and the resolving agent, 
D-(-)-dibenzoylhydrogentartrate. For example, (R*,R*)-1,2-ethanediyl-
bis(methylphenylphosphine), (R*,R*)-63, was resolved in this 
manner.
56 The diastereomers (R*,R*)-63 and (R*,S*)-63 were firstly 
- -
separated by fractional crystallization of the corresponding 
bis(benzylphosphonium) salts. Each of the pure diastereomers of 63 
was subsequently obtained by electrochemical reduction of the 
respective bis(benzylphosphonium) salt. The (R*,R*)-63 diastereomer 
-- -
was re-quaternized with benzyl bromide and the resulting salt was 
Ph Me 
/ 
/ 
/ 
E~ 
E 
/ 
~ ' ' 
' Me Ph 
[R-(R*,R*)] 
Me, ,Pb 
' 
' 
/ E 
~ 
E 
/ 
/ 
/ 
Ph Me 
[S-(R*,R*)] 
63, E=P 
64, E=As 
Ph Me 
/ 
/ 
/ 
E~ 
/ 
E 
Ph' ' ' 'Me 
(R*,S*) 
resolved with use of D-(-)-dibenzoylhydrogentartrate as resolving 
agent. The resulting pair of diastereomeric salts was separated by 
fractional crystallization and the resolved salts were subsequently 
22 
converted into the desired optically active bis(tertiary phosphines) 
[R-(R*,R*)]- and [S-(R*,R*)]-63 by reduction . This classical method 
- -
of resolution, however, is laborious and usually results in low 
yields of the optical antipodes. Furthermore, due to the low thermal 
barrier to inversion of the asymmetric phosphorus stereocentres, the 
resulting tertiary phosphines could not be distilled without loss of 
optical activity. 
The resolution of the corresponding arsenic analogue 64 has 
also been reported. 57 In this case the separation of the 
diastereomeric forms of the bidentate was achieved by column 
chromatography of neutral square-pl anar dichloropal ladium(II) 
derivatives on silica gel . The pure (R* ,R*)-64 and (R *,S*)-64 forms 
- - - -
of the ligand were subsequently obtained by treatment of the 
respective palladium(II) complexes with cyanide . Resolution of the 
(R*,R*)-64 diastereomer was achieved by a method similar to that us ed 
for its phosphine counterpart. In the case of tertiary arsines , 
however, distillation does not result in the loss of optical activity 
( ( ) 4 oc).12 ~~ inv. ca . 7 0 hat 200 
2 
An important development in this field was made when the 
successful .large scale resolution of (R* ,R*)-(±)-1, 2-phenylene-
bis(methylphenylphosphine), (R* , R*)-6s, 58 and its arsenic 
analogue, (R*,R*)-66, were reported by Wild et a1. 59160 The ligands 
were prepared in high yield and the diastereomeric forms were 
separated by a combination of fractional crystallizat ion and 
selective precipitati on of the sparingly soluble complexes 
[Ni(SCN){(R*,S*)-65} 2 ](SCN) or [NiCl{(R*,S*)-66} 2 ]Cl . The pure 
diastereomers were obtained in high yield. The resolution of 
(R*,R*)-65 and (R*,R*)-66 was effected by the fractional 
crystallization of internally diastereomeric palladium(II) complexes 
23 
containing the ligand and optically active ortho-metallated 
[1-(dimethylamino)ethyl]benzene . The optically pure enantiomers of 
Me 
' 
' 
Ph 
/ 
/ 
/ 
Ph 
E~ 
E 
/ 
' 
' 
' Me 
[R-(R*,R*)] 
Ph 
' 
' 
' 
~ 
/ 
/ 
/ 
Me 
Me , 
E 
Ph 
[S-(R*,R*)] 
65, E=P 
66, E=As 
(R* ,S* ) 
(c 0 . 9 , CH 2Cl 2) were obtained as air-stable crystalline solids. 
The generality of the method was demonstrated when the 
unsymmetrical bidentates (±)-8-(methylphenylphosphino)quinoline, 
(±)-67, and its arsenic analogue , (±)-68, were resolved (Scheme 
XIII) . 61 For asymmetric bidentates of this type containing different 
donors the possibility of cis-trans isomerism within the internally 
diastereomeric palladiurn(II) complexes is a potential drawback to the 
generality of the method . Both ligands on treatment with optically 
active di-µ - chlorobis[1-[1-(dimethylamino)ethyl]-2-naphthalenyl-
C2,N]dipalladiurn(II), (R)-69 , however , gave only the internally 
diast ereomeric palladiurn(II) complexes [R-(R*,R*)]-70 and 
[S-(R* , S*)]- 70 with a cis arrangement of the pair of nitrogen atoms 
(Scheme XIII) . The optically pure enantiomers of the asymmetric 
bidentates (±)- 67, [a]D±107° (~ 1 . 0 , diethyl ether) and (±)-68 , 
[a]D±115° (c 0 . 8 , diethyl ether) were obtained in high yield upon 
displacement from the separated diastereomeric salts . 
Scheme XIII 
(R)- 69 
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[ S- ( R *, S *) ]- 70 
(where E=P , As) 
Bidentates containing two dissimilar asymmetric donor atoms , 
as in (R*,R*)-(±)- and (R* , S*)-(±)-methyl[2-(methylphenyl-
arsino)phenyl]phenylphosphine ., (R*,R*)-71 and (R* ,S*)-71, have also 
been prepared and resolved by the method of metal complexation . 62 The 
pure optical antipodes of (R* , R*)-71 had [a]0±79° (c 0 . 7, CH 2 Cl 2 ) and 
those of (R*,S*)-71 had [a]0±15 . 5° (c 0.5, CH 2 Cl 2 ) . 
Application of the method of metal complexation to the 
resolution of bidentates containing alkyl backbones was achieved when 
C±)-2-(methylphenylphosphino)ethanamine , (±)~12, and its arsenic 
analogue , (±)-73, were resolved . 63 The optically pure enantiomers of 
(±)-73, [aJ0±7 3° (CH 2 Cl 2 ) , were liberated from the corresponding 
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diastereomeric complexes by treatment with 1, 2- ethanediami ne and 
those of the phosphorus compound C±)-72 , [a]D±16 . 4° (c 1 . 0 , CH 2 Cl 2 ), 
Ph Me 
E 
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~ 
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(±)-72, E=P 
( ±)-73, E=As 
HN 
2 
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were liberated by the use of the stronger bidentate (R*,R*)-(±)-1 ,2-
phenylenebis(methylphenylphosphine). 
The partial resolution of (±)-2-(n-butylphenylphosphino)-
ethanamine64 and its arsenic analogue 65 has also been reported in the 
literature. 
1.5 Aim of the Present Work 
The aim of this work was to prepare optically active 
quadridentate macrocycles containing resolved tertiary arsenic 
donors. The molecules envisaged were to be members of a new family of 
fourteen-membered rings with trans-disposed like pairs of imino or 
secondary amino groups in addition to a pair of asymmetric arsenic 
donors. Stereospecific syntheses of each of the two possible 
diastereomers of each ligand were to be attempted and asymmetric 
transformations between the diastereomers of each macrocycle in the 
free and coordinated state studied. The new macrocycles were 
anticipated to be powerful chelates for the stereospecific chelation 
of ' soft' metals . The syntheses were to be based upon the use of 
metal complexation as a means of modifying and controlling organic 
reactivity. Aspects of optical resolution, protection, and the 
stereocontrol of dimerization ,of heavily functionalized arsine 
precursor molecules by palladium(II) complexes were considered to be 
key features of the general synthetic strategy. 
In addition , the syntheses of related fourteen-membered 
macrocycles in which the pair of asymmetric arsenic donors have been 
replaced by oxygen or sulfur atoms were to be investigated. 
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CHAPTER TWO 
SYNTHESIS OF TRANS-As 2 N2 MACROCYCLES 
2.1 Strategy of Synthesis of Trans-As 2 N2 Macrocycles 
Optically active macrocycles prepared so far owe their 
. 10 66 
optical activity to the presence of a chiral carbon skeleton. ' To 
our knowledge, macrocycles containing optically resolved asymmetric 
donors have not been previously reported. We were interested in 
preparing and resolving trans-As 2 N2 macrocycles of the type shown in 
Figure V. 
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HN ( 
As 
Me 
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NH 
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Figure V. Diastereomers of trans-As 2 N2 macrocycles, 74 and 75. 
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The strategy adopted involved the preparation of a bidentate 
precursor of type 76, which could be dimerized into the desired 
macrocycle 74 via a double Schiff base condensation (Figure VI) . 
y 
2 
Me-..._ 
As 
(NH 
2 
(-Y) 
76 74 
Figure VI . Dimerisation of precursors to desired macrocycles . 
Molecules (±) -77, (±)-78, and (±)-79 are potential precursors to 74, 
although (±)- 77 was not expected to be suitable because of the 
uncontrolled spontaneous condensation that would occur between 
OH 
CHO 
Me~ 
As 
(NH 
2 
Me°'--
c:: 
2 
(±)-77 (±)- 78 (±)- 79 
the aldehyde group and the primary amino group in the free liganct. 67 
Thus , molecules (±)- 78 and (±)-79 were chosen as precursors for 
macrocycle 74: the imidazolidine or the hydroxymethyl functional group 
could be converted into the reactive aldehyde (under suitable 
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conditions) by hydrolysis or by oxidation (after protection of the 
tertiary arsenic centre) , respectively. This approach had the 
advantage that if the precursor molecules could be resolved the 
subsequent dimerisation would lead to optically active products. 
2.2 Preparation and Cyclisation of (±)-78 
The macrocycle precursor (±)-78 was prepared as outlined in 
Scheme XIV. The first step involved the conversion of benzaldehyde 
into 1,3-dimethyl-2-phenylimidazolidine, 80, by treatment with N,N'-
dimethyl-1 ,2-ethanediamine68 . The imidazolidine 80 was then reacted 
with n-BuLi in diethyl ether at -78 °C to produce the ortho-lithiated 
. 81 . 1 t · 69 species 1n sou 10n. 
Me 
Li 
81 
Treatment of 81 with dimethyliodoarsine gave 1,3-dimethyl-2-
[2-(dimethylarsino)phenyl]imidazolidine, 82, as a pale yellow viscous 
oil in ca. 90% yield . The 1 H NMR spectrum of 82 exhibited singlets at 
o 1.12 (AsMe) and o 2 . 16 (NMe) . 
Compound 82 upon reaction with two equivalents of sodium in 
liquid ammonia, followed by aqueous work-up, gave the secondary arsine 
(±)-83 in 84% yield. The 1 H NMR spectrum of the secondary arsine(±)-
83 contained a doublet at o 1. 21 (AsMe, 3 JHH=6.6 Hz), a singlet at o 
2.16 (NMe), and a quartet at o 3 .71 (AsH, 3 JHH=6.6 Hz) . A sharp vAsH 
Scheme XIV 
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absorption was also found at 2100 cm-1 in the infrared spectrum 70 . The 
macrocycle precursor (±)-78 was obtained as a viscous yellow liquid in 
almost quantitative yield from the reaction of the sodium arsenide of 
(±)-83 and 2-chloroethanamine in liquid ammonia. The precursor was 
characterised by the 1H NMR spectrum of the crude product of the above 
reaction, which exhibited peaks at o 4.15 (s, CH of imidazolidine 
ring), o 3.45-3.38 and o 2.64-2.57 (m, CH 2 of imidazolidine ring), o 
2.85-2.76 (m, CH 2 NH 2 ), o 2.19 (s, NMe), o 1.88-1.83 (m , CH 2 As), o 1.34 
(s, NH 2 ), and o 1.17 (s, AsMe). 
Upon heating in vacuo crude (±)-78 depos ited a white solid, 
and N,N'-dimethyl-1 ,2-ethanediamine was evolved. After ca . 24 h of 
heating the original liquid had completely solidif ied . 
Recrystallization of this solid from a dichloromethane-methanol 
mixture gave 74 as white needles in 95% yield (Scheme XV). 
Scheme XV 
Me I 
'- As N 
Me 
80 °c CN ) '-,. 2 (As in vacuo As 
I \ Me NH 2 
(±)-78 74 
The 1 H NMR spectrum of 74 in CDC1 3 was consistent with the 
presence of only one of the two possible diastereomers . A sharp 
resonance at o 1.24 (6 H, AsMe), a doublet at o 8 . 83 (2 H, 4 J=2 Hz, 
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CH=N), and a doublet of doublets at 08.19 (2H, 3 J=7.1 Hz, 4 J=2.0 
Hz, ortho aromatic protons) were prominent among other peaks. The 
infrared spectrum (Nujol mull) of 74 displayed a sharp absorption at 
-1 
1640 cm . ( vC=N). The mass spectrum of the material showed a weak peak 
[MJ + ) at m/e 442 due to the ion, although the base peak (m/e 427 
+ 
corresponded to [M-Me] . 
The product was subsequently shown to be the mesa 
diastereomer (R*,S*)-74 by comparison of its 1H NMR spectrum with that 
of optically active [R-(R*,R*)]-74 and [S-(R*,R*)]-74 (vide infra). 
The thermal dimerisation of imidazolidine (±)-78 into (R*,S*)-74 was 
found to be highly appropriate for the large-scale preparation 
(ca. 30 g) of this diastereomer. 
2.3 Synthesis of Optically Active Macrocycles 
In view of the spontaneous dimerisation of (±)-78 into 
macrocycle (R*,S*)-74 it was not possible to resolve it prior to 
cyclisation. The strategy for the synthesis of optically active 74 was 
therefore changed to the alternative oxidative route, which involved 
the preparation and resolution of (±)-79. 
2.3.1 Preparation of Precursor, (±)-79 
Compound (±)-79 was prepared as shown in Scheme XVI. 
Treatment of the imidazolidine 82 with dilute acid readily gave the 
aldehyde 84 in ca . 90% yield, as a colourless oil . The 1H NMR spectrum 
of 84 showed singlets at o 10.24 (CHO) and at o 1 . 17 (AsMe
2
) . The 
carbonyl carbon (o 192 . 8) and arsenic methyl carbon (o 10.62) were 
significant peaks in the 13 C NMR spectrum. The presence of a carbonyl 
functionality was further indicated by the appearance of a sharp 
infrar ed absorption at 1690 cm-1 . Sodium borohydride reduction of 
aldehyde 84 gave the corresponding alcohol 85 in quantitative yield as 
Scheme XVI 
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a pale yellow oil. The alcohol 85 was characterized by its 1H NMR 
spectrum, which exhibited singlets at o 4.70 (benzylic-CH
2
), o 2.70 
-1 (OH), and o 1 .05 (AsMe 2 ). An infrared absorption at 3320 cm was also 
observed for the hydroxy group. 
Although the dimethylarsino group in 85 could be converted 
into the corresponding secondary arsine by reductive demethylation 
with sodium in liquid ammonia, the hydroxymethyl group was also found 
to be reduced under these conditions to give C±)-86. In order to 
circumvent this undesired reaction, 85 was converted into the 
corresponding alkoxide 87 by treatment with n-BuLi before the sodium 
AsMeH 
(±)- 86 87 
in liquid ammonia step. Thus, the careful addition of a 
tetrahydrofuran-n-hexane solution of 87 into a solution of two 
equivalents of sodium in liquid ammonia gave , after aqueous workup, 
secondary arsine (±)-88 in 93% yield. This compound showed singlets at 
o 4.62 (benzylic-CH 2 ) and o 3.00 (OH) in the 1 H NMR spectrum . A 
quartet centred at o 3 .54 (AsH) and a doublet centred at o 1 . 21 (AsMe) 
( 
3 J=6.8 Hz) were also present. Absorptions in the infrared spectrum 
-1 -1 
were observed at 2110 cm (vAsH) and at 3450 cm Cv
0
H). 
Conversion of secondary arsine (±)-88 into (±)- 79 again 
required protection of the hydroxymethyl moiety by lithiation prior to 
treatment with sodium in liquid ammonia. Reaction of the resulting 
arsenide with 2-chloroethanamine in diethyl ether gave, after aqueous 
work-up, (±)-79 as a pale yellow viscous liquid in ca. 80% yield. 
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The 1 H NMR spectrum of (±)-79 exhibited an AB pattern for the 
benzylic protons at o 5.19 and o 4 . 51 ( 2 JAB=11 . 6 Hz) (the 
diastereotopicity of the benzylic protons is due to the presence of 
the asymmetric arsenic stereocentre71 ) (Figure VII). For the same 
reason the four protons in the alkyl chain (AsCH 2 CH 2 N) were 
inequivalent (AA'BB') and gave rise to three sets of multiplets at 
o 2.73 and o 2.19 (CH 2 N) and at o 1 . 86 (CH 2 As). A singlet at o 1 .21 
(AsMe) was also found. The infrared spectrum of (±)-79 exhibited broad 
absorptions in the region 3500 and 3200 cm-1 (v0H and vNH ) . 2 
2.3.2 Resolution of Precursor (±)-79 
The resolution of (±)-79 was based on the separation of a 
pair of internally diastereomeric palladium(II) complexes derived from 
the resolving agent (R)-di-µ-chlorobis[1-[1-(dimethylamino)ethyl]-2-
- --
naphthalenyl-C 2 ,N}dipalladium(II), (R)-69 (Scheme XVII). The racemic 
ligand was stirred with a suspension of the resolving agent (R)-69 in 
methanol to give a mixture of the expected diastereomeric chlorides in 
solution. Subsequent treatment of this solution with an excess of 
aqueous NH 4 PF 6 precipitated the internally diastereomeric 
hexafluorophosphate salts in high yield. This mixture was separated 
into the individual diastereomers, [R-(R*,R*)]-89 ([a]D+87° (c 0.5, 
Me 2 C0)) and [S-(R*,S*)]-89 ([a]D-134° (c 0.5, Me 2 C0)), by fractional 
crystallization from a dichloromethane-methanol mixture. The yield of 
each of the diastereomers in optically pure form was ca. 60 %. No 
evidence was found of the alternative pair of diastereomers with the 
trans arrangement of the nitrogen donors. Selected 1 H NMR and 13 C NMR 
data of diastereomers [R-(R*,R*)]-89, [S-(R* , S*)]-89 and of precursor 
(±)-79 are given in Tables I and II. In the 1 H NMR spectra of 
diastereomers [R-(R*,R*)]-89 and [S-(R*,S*)]-89 the AsMe resonances 
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Aromatic 
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Figure VII. 1 H NMR spectrum of precursor ( ±)-79 in CDC1 3 solution . 
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Table I. Selected 
1
H NMR Data for [R-(R*,R*)]-89, [S-( R*,S*)]-89 , [R-(R*,R*)]-91, [S-(R*,S*)]-91, and Free Ligand ( ±) -79 
Compound o(AsMe) o(CH 2 0H ) o(NMe 2 ) o(NCHMe) o(NCHMe) o(CHO) 
[R-(R*,R*)]-89 1.85(s) 5 . 81, 4 . 87(AB) 2. 90(s) , 2 .92(s) 4.41(q) 1.84(d) a - - - 2 JA8 =12.0 Hz 3 J=6.3 Hz 3 J=6.3 Hz 
[S-(R*,S*)]-89 2.07(s) 5.35, 4 . 65 (A B) 2 . 88(s), 2 .87(s) 4.40(q) 1.86(d) a - - - 2 JA8 =12 .0 Hz 3 J=6.6 Hz 3 J=6.6 Hz 
-
w 
co [R-(R*,R*)]-91 1 . 89 (s) 2. 93(s ), 2.86(s) 4.40(q) 1.84(d) 10.15(s) a -- - -
3 J=6.2 Hz 3 J=6.2 Hz 
-
[S-(R* ,S*)]-91 2.11( s) 2.94(s) , 2.86(s) 4.38(q) 1.80(d) 9.98(s) a -- - -
3 J=6 . 2 Hz 3 J=6.2 Hz 
-
-
(±)-79 1 . 21(s) 5.19, 4.51(AB) b -
-
-2 JA8 =11.6 Hz 
a Recorded in CD 2 C1 2 • Q Recorded in CDC1 3 • 
Table II. Selected 13 C NMR Data for [R-(R*,R*)]-89, [S-(R*,S*)]-89, [R-(R*,R*)]-91, [S-(R*,S*)]-91, and 
Free Ligand (±)-79 
Compound o(AsMe) o (AsCH 2 ) o(NCH 2 ) o(CH 2 0H) o (NMe 2 ) o(NCHMe) o(NCHMe) 
-
[R-(R*,R*)]-89 7.9 32.4 42.0 64.6 52.7, 47.9 73.5 25. 4 
- - -
[S-(R*,S*)]-89 7.3 33.0 41 . 8 64.4 53.1, 48.0 73.7 23.8 
- - -
[R-(R*,R*)]-91 9. 1 30 .9 42.3 - 52.8, 48.2 73.6 24.2 
- - -
[S-(R*,S*)]-91 1.1 31 . 0 42. 1 - 52.7, 47.9 73.5 23.7 
- - -
(±)-79 8.4 33 .0 40.0 65 . 6 
a Recorded in CD 2 Cl 2 . Q Recorded in CDC1 3 • 
o(CHO) 
a 
a 
193.2 a w 
\..0 
19 3 . 1 a 
b 
40 
were found at o 1 .85 and o 2.07, respectively. The benzylic protons of 
both of the complexes exhibited AB patterns (as found with the free 
ligand) with identical coupling constants ( 2 JAB=12.0 Hz). The 
resonances of the 13 C NMR spectra of the complexes were assigned by 
comparison with those of the free ligand and with use of the INEPT 
72 (Insensitive Nuclei Enhanced by Polarization Transfer ) procedure 
(Table II). 
The resolved arsines, (R)-79 and (S)-79, were 
stereospecifically displaced from the respective diastereomers as 
shown in Scheme XVIII. Thus, diastereomers [R-(R*,R*)]-89 and [S-
(R*,S*)]-89 were separately treated with 1 ,2-ethanediamine in 
dichloromethane. The resulting 1 , 2-ethanediamine complex (R)-90 was 
insoluble in dichloromethane and was readily removed by filtration. 
(This can be readily converted back into resolving agent (R)-69 by 
treatment with hydrochloric acid 61 ). The optically pure enantiomers of 
(±)-79 ([a]D±65° (c 4.0, CH 2 Cl 2 )) were obtained as almost colourless 
liquids upon distillation. The absolute configuration of the arsenic 
stereocentre in the precursor (R)-(+)-79 was deduced from the X-ray 
crystal structure of [R-(R*,R*,S*)]-93 (vide infra) (Section 2.3.4). 
2.3.3 Synthesis of Optically Active Macrocycles [R- (R* ,R*)]- and 
[S-(R*,R*)]-74 
The next step in the preparation of the optically active 
macrocycle [S-(R*,R*)]-74 (or [R-(R*,R*)]-74) involved the oxidation 
of the hydroxymethyl group in the previously prepared complex [S-
(R*,S*)]-89 (or [R-(R*,R*)]-89) (Scheme XIX). The oxidation was 
performed on the metal in order to eliminate uncontrolled Schiff base 
condensation between the aldehyde group and the amino group in the 
free ligand. This approach had the additional advantage of 
coordinatively protecting the tertiary arsine group from oxidation 
Scheme XVIII 
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Scheme XIX 
Me Me 
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during the conversion. 73 The use of barium manganate 74 as a 
heterogeneous oxidising agent was found to be highly successful in 
this work. Oxidations with barium manganate were known to proceed in 
high yield under mild conditions in neutral solvents such as 
dichloromethane or benzene. 74 
Thus, treatment of a solution of diastereomer [S- (R* ,S*)]-89 
in dichloromethane with BaMn0 4 at room temperature gave the 
corresponding aldehyde [S-(R*,S*)]-91 in excellent yield. The 
oxidation was monitored by recording the infrared spectra of aliquots 
of the reaction mixture withdrawn at different time intervals. The 
infrared spectrum initially showed a strong absorption at ca . 3400 
-1 
cm (v0H), which slowly decreased in intensity as a strong band at 
-1 1 690 cm ( vC=O) grew. After ca . 15 h the reaction was complete 'and 
optically pure aldehyde [S-(R*,S*)]-91 ([a]0-106° (c 0 . 5, Me 2 CO)) was 
subsequently isolat ed from the reaction mixture as pale yellow 
crystals . Diastereomeric complex [R-(R*,R*)]-91 ([a]0 +31 ° (~ 0 . 5, 
Me 2 CO)) was similarly prepared by BaMn0 4 oxidation of [R-(R* ,R*)]-89. 
Selected 1 H NMR and 13 C NMR data of compounds [R-(R*,R*)]-91 and 
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[S-(R* , S*)]- 91 are given in Tables I and II, respectively. In the 1 H 
NMR spectra of diastereomers [R-(R* , R*)] -91 and [S-(R* , S*)] -91 the 
aldehyde group resonances appeared at o 10 . 15 and o 9 . 98 , 
respectively. The corresponding resonances in the 13 C NMR appeared at 
o 1 93. 2 and o 1 93 . 1 ( Table II) . The NMR spectra of the comple xes 
remained unchanged over several days in CD 2 Cl 2 indicating the lack of 
Schiff bas e condensation of the coordinated amino-aldehyde . 
The optically pure complex [S- (R* , S*)] -91 was reacted with 
N,N'-dimethyl-1 , 2-e than ediamine in an attempt to protect the aldehyde 
group by the forma t ion of an imidazolidine ring ([S- (R* ,S*)]- 94). It 
was anticipated that the optically active ligand containing the 
imi dazolidine-protected aldehyde group could be displaced from the 
metal centre and dimerised thermally (as for (R* ,S*)-74, Section 2.2 ) 
to give the desired optically active macrocycle , [R- (R* , R*)] -74. 
- - -
Treatment of a solution of [S- (R* , S*)] -91 in dichloromethane with 
N,N'-dimethyl-1,2-ethanediamine in the presence . of molecular sieves 
(to take up water liberated during the condensation) , however , gave a 
yellow sol ution , that was ultimately shown to contain 
[S-(R* , R* , S*)] -92 (ca . 80 % yield), rather than the expected complex 
[S-(R* ,S* )] -94 (Scheme XX) . Compound (R) -95 was isolated as a 
by-product . 
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Figure VIII. Proposed mechanism of the formation of the optically 
active macrocycle [R-(R*,R*)]-74. 
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A possible mechanism for this unexpected reaction is shown in 
Fi gure VIII. The initial step presumably involves the formation of the 
imidazolidine complex [S- (R* , S*)]- 94, which then reacts with free 
- - -
N,N'-dimethyl-1, 2-ethanediamine to give the optically active 
imidazolidine (R) -78 and (R)- 95 (equations (1) and (2)) . Indeed , upon 
treatment of the related complex [S-(R* , S*)]- 89 with N, N'-dimethyl -
- - - - -
1 ,2-ethanediamine , partial displacement of the ligand (R) -79 was 
observed by 1 H NMR spectroscopy (Scheme XXI) . 
Scheme XXI 
+ 
[S-(R*, S*) ]- 89 
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In the next step the displaced imidazolidine (R)- 78 dimerises 
into the optically active macrocycle [R-(R*,R*)]- 74 (cf . (R* ,S* )- 74, 
Section 2.2 ) , which in turn displaces the coordinated N,N'-dimethyl-
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1 ,2-ethanediarn i ne from (R)- 95 to give the isolated macrocyclic complex 
[S-(R*,R*,S*)]-92 (equations (3) and (4)) . The final step is support ed 
by the observation that isolated optically active [R- (R* , R*)] -74 (v ide 
infra) does indeed react with (R) -95 to give [S-(R*,R*,S*)]-92. 
The yellow crystals of [S-(R*,R*,S*)]-92, upon 
recrystallizati on from hot acetone, were converted into a deep-orange 
crystalline substance, which in turn could be converted back into 
yellow [S-(R*,R*,S*)]-92 by recrystallization from a dichloromethane-
- - - -
methanol mixture (Scheme XXII) . The two forms had similar 1 H NMR 
spectra and elemental analyses (apart from the presence of acetone in 
[S-(R*,R*,S*)]-93 ) . The 1H NMR spectra of [S-(R*,R*,S*)]-92 and [S-
(R* , R* , S*)] -93 at room temperature showed a broadening of resonances, 
- - -
which indicated fluxional behaviour of the cations in CD 2 Cl 2 solution . 
For example , the 1 H R spectrum of [S- (R*,R* ,S* )] -92 contained broad 
singl et s at o 8 .5 9 (CH =N ) and o 1 . 43 (AsMe) . Upon cooling to - 20 °C, 
- -
however , these resolved into sharp singlets a t o 8 . 65 (CH = ) , o 8 . 45 
(CH = ) , o 1 . 49 (AsMe) , and o 1 . 29 (AsMe) . This suggests that the two 
complexes [S- (R* , R* ,S* )] -92 and [S- (R *,R*,S* )] -93 are rapidly 
interconverting at room temperature , although the nature of the low -
temperature speci es remains uncertain . The infrared spectrum of the 
yellow form [S- (R* , R* , S*)] -92 ( ujol mull) exhibited absorptions at 
1640 and 1635 cm- (vC = ) , ~hereas t e correspond·ng orange form 
Scheme XXII 
[S- (R *,R*,S* )] -92 
(yellow ) 
hot acetone 
dichloromethane - methanol 
[S- (R* ,R*, S*)] -93 
(orange) 
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-1 [S-(R*,R*,S*)]-93 had absorptions at 1650 and 1630 cm (vC=N) . The 
same result was noted for [R-(R* ,R*,S*)]-92 and [R-(R*,R*,S*)]-93. 
2.3.4 Solid State Structures of [S-(R*,R*,S*)]-92 and 
[R-(R*,R*,S*)]-93 
X-Ray crystal structure determinations of complexes [S-
(R*,R*,S*)]-92 (yellow form) and [R-(R*,R*,S*)]-93 (orange form) were 
performed in order to elucidate the structural differences between the 
two complexes. 75 The yellow form crystallised from dichloromethane-
methanol mixture, whereas the corresponding orange form crystallised 
from hot acetone as a hemiacetone solvate. The crystals of both forms 
belonged to the same space group (orthorhombic, f2 1 2 1 2 1 (No . 19)). The 
asymmetric stereocentres in each of the cations in each structure have 
the following absolute configurations : As(S) , As(S) , and C(R) for 
yellow [S-(R*,R*,S*)]-92 and As(R), As(R), and C(S) for orange [R-
(R*,R*,S*)]-93. Unfortunately, X-ray data was collected on the yellow 
isomer with resolving agent of R absolute configuration and on the 
orange isomer with resolving agent of S absolute configuration . Thus, 
the absolute configurations of the three asymmetric stereocentres in 
each of the cati ons are consistent . This also establishes the absolute 
' 
configurations of the optically active macrocycle precursor s (R)-79 
ans (S)-79 (Section 2.3.2 ) . Perspective ORTEP drawings of the two 
cations are shown in Figures IX and X. 
In both structures the molecular dimensions of the cations 
and the anions are similar and are typical of those expected for the 
types of atoms . involved . The most striking difference in the cation 
structures is the metal atom stereochemistry . As shown in Table III 
the coordination geometry around the palladium atom in [S-(R*,R* , S*)]-
92 approaches that of a square-pyramid, whereas in [R-(R*,R*,S*)]-93 
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Table III . Selected Bond Lengths and Angles of [S-(R* , R* , S*)]-92 and 
- - - -
[R-(R* , R* , S*)]- 93 with Estimated Standard Deviations in Parentheses 75 
Distances (A) [S- (R* , R* , S*)] -92 [R- (R* , R* , S*)]- 93 
Pd-As ( 1 8) 2 . 326(1) 2 . 341(1) 
Pd-As (9) 3.320(1) 2. 595(1) 
Pd-N( 6) 2.1 39(8) 2.141(6 ) 
Pd-N ( 1 9) 2. 191(8) 2. 377(6) 
Pd-C(20) 1. 979(8) 1.991(8) 
Angles ( 0 ) 
N ( 6 ) - Pd -C ( 2 0) 174 . 0(3) 177 , 8(3) 
As ( 1 8) - Pd - As ( 9) 101 . 9(1) 128 . 0(1) 
As(18)-Pd-N(19) 1 50 . 9 ( 2) 125 . 2(1) 
As(9)-Pd-N(19) 104 . 1(2) 106 . 4(1) 
C(20)-Pd- (19) 79 . 6(4) 78.1(3) 
Pd-As(18)-C(As18) 115 . 3(3) 123 . 0(3) 
Pd - As ( 1 8) - C ( 1 8a) 105. 9(2) 109 . 0(2) 
Pd - As ( 1 8) -C ( 1 7) 127 . 3(3) 116.6(3) 
C(As18)-As(18)-C(18a) 102 . 5(4) 103 . 2(4) 
C(As18)-As(18)-C(17) 101 . 3(5) 100 . ( ) 
C(18a)-As(18)-C(17) 101 . 2(4) 101 . 9(3) 
( 6) - Pd - As ( 1 8) 89 .6(2) 90 . 5(2) 
N ( 6) - Pd-As ( 9) 73 . 0(2) 82 . 6(2) 
' 
N(6)-Pd- (19) 101 . 3(3) 03 . 9(2) 
C(20)-Pd-As(18) 92 . 3(3) 87 . 7(2) 
C(20)-Pd-As(9) 101 . 0(3) 97 . 6(2) 
Pd-As(9)-C(As9) 113 . 0(3) 121 . 0(3) 
Pd-As(9)-C(9a) 148 . 6(3) 1 32 . 3 ( 2) 
Pd-As(9)-C(8) 83 . 7(3) 94 . 1 ( 2) 
C(As9)-As(9)-C(9a) 98 . 2(5) 1 00 . 1 ( 4) 
C(As9)-As(9)-C(8) 96 . 2(5) 95 . 9 ( 4) 
C(9a)-As(9)-C(8) 97 . 0(4) 105 . 0(3) 
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As(9) 
Figure IX . ORTEP drawing of [S-(R*,R*,S*)]-92. 75 (Protons and the 
counterion have been omitted for clarity.) 
52 
Figure X. ORTEP drawing of [R-(R*,R*,S*)]-93. 75 (Protons and the 
counterion have been omitted for clarity.) 
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it is almost perfectly trigonal-bipyramidal. In both cations atoms 
C(20), Pd, and N(6) are almost co-linear with the corresponding bond 
lengths being equivalent (Table III). The chelation of the macrocycle 
shows a preference for a six-membered ring, N(6) As( 18), rather 
than the alternate five-membered ring; in both cases, the Pd-As(18) 
distance is significantly shorter than the Pd-As(9) distance (Table 
III). In [S-(R*,R*,S*)]-92 the five coordination is completed by As(9) 
in the apical position, but the Pd-As distance is rather long at 
3.320 A (cf. Pd-As(18)=2.326 A). In view of this large Pd-As(9) 
separation an alternate description of the stereochemistry is 
distorted square-planar. Molecular models suggested that the 
arrangement found is the limit to which the macrocycle can be twisted 
in its attempt to attain square-planar coordination at the metal. This 
argument was supported by the shorter Pd-As(18) a nd Pd-N(19) bond 
distances found in [S-(R*,R*,S* )] -92 com pared to those found in 
- - -
[R-(R*,R*,S*)]-93, which is further cons is tent with the lowering of 
coordination number of palladium in the former . Similarly , it was 
found that the uncoordi nated (15) atom is further from the palladium 
in [S-(R*,R*,S*)]-92 (3 . 96A) than in [R- (R* , R* , S*)] -93 (3 . 32A) . 
Spatial arrangements in the macrocycle in each structure are 
similar and the change in environment about the metal atom appear s to 
arise from an accumulation of a n~mber of relatively small twists 
within the ligands accompanied by rotation of the essentially., plan ar 
resolving ligand about the C(20)-Pd bond. A further effect of the 
structural differences betwen the two cations is demonstr a t ed by the 
packing of the molecules in the cr ystal s; the cation of 
[S-(R*,R*,S*)]-92 occupies a nearly spherical volume, whereas that of 
[R-(R*,R*,S*)]-93 is more cylindrical with the result that packing in 
[R-(R*,R*,S*)]-93 is less efficient an d there is a need for solven t 
- -
molecules to occupy the holes in the lattice. 
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2.3.5 Liberation of Optically Active Macrocycles [R-(R*,R*)]-74 and 
[S-(R*,R*)]-74 
The optically active macrocycles were stereospecifically 
liberated by treatment of the yellow or orange forms of the 
appropriate diastereomeric complexes with (R*,R*)-(±)-1 ,2-
phenylenebis(methylphenylphosphine) in dichloromethane. Thus, 
treatment of [S-(R*,R*,S*)]-92 with one equivalent of (R*,R*)-(±)-1,2-
phenylenebis(methylphenylphos phine) in dichloromethane gave 
Scheme XXIII 
Me 
[ S- ( R *, R *, S *) ]- 9 2 
PMePh 
(R*, R*)-
PMePh 
Me · Me M' ,'Me P\ /Me 
' 
' 
'As N H' ', N '---... + / p 
-C l + Pd~ Pf 6 A; 
' 
' 
'Me 
[R-(R*, R*) ]- 74 
p 
r1\ 
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[R-(R*, R*,R*) ]- 96 
[ S- ( R *, R *, S *) ]- 9 6 
Ph 
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[R-(R*,R*)]-74 in 90% yield. (The apparent inversion that takes place 
upon liberation of the bis(tertiary arsine) is consistent with the 
specification of Cahn et a1. 76 for absolute configurations) (Scheme 
XXIII). Complexes [R-(R*,R*,R*)]- and [S-(R*,R*,S*)]-96 were insoluble 
in dichloromethane, and were removed by filtration. Crystalline 
[R-(R*,R*)]-74 with [a]D-99.8° (c 0.5, CH 2 Cl 2 ) was obtained from the 
filtrate by concentration. Enantiomer [S-(R*,R*)]-74 ([a]D+99.8° 
(c 0.5, CH 2 Cl 2 )) was similarly obtained from diastereomer 
[R-(R*,R*,S*)]-92. 
The 1H NMR spectrum of the optically active macrocycle 
[R-(R*,R*)]-74 showed a doublet at o 9.00 (CH=N, 4 J=1.5 Hz). The 
protons attached to the two-carbon chain joining the arsenic and the 
nitrogen centres appeared as AA' BB ' multiplets centred at o 4.30 and 
o 3 .69 (CH 2 N), o 2 .39 and o 1 .95 (CH 2 As) an d the two AsMe groups (both 
equivalent due to the C2 symmetry of the molec ul e) appeared as a 
singl et at o 1. 22 ( Fi gure XII (a)) . The infrared spe ctrum of 
- 1 [R-(R*,R*)]-74 displayed a char acteristic peak at 1635 cm (vC=N) and 
+ 
the mass spectrum of the compound exhibited peaks at m/e 442 [M] and 
+ 
m/e 427 [M-Me J ( base peak) . 
2.4 Monomer-Dimer Rearrangement 
The 1H NMR spectrum of the diimine (R* , S*)- 74 (or of 
optically pure [R-(R*,R*)]-74 or [S-(R* , R*)]- 74 ) in CDC1 3 (ca . . 5 mg/2 
mL) after ca . 48 h (Figure XI and Figure XII) indi cated the complete 
conversion of the dimer into a single new species , which was 
subsequently identi fi ed a s the monoimine C±) -97 (o r opticall y active 
(R)- 97 and (S)- 97, respectively . ) (Scheme XXIV) . The monoimine 
exhibited a singl et at o 8 . 52 (CH=N) , a multiplet at o 3 . 72-3 . 89 
(CH 2 N), two sets of multiplets at o 2 . 60-2 . 73 and o 2 .19-2.05 
AsMe 
Aromatic 
CH=N 
Aromatic 
CH=N 
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Figure XI . 1H NMR spectra 
conversion of the diimine 
CH2 N ( b) CH 2 As 
AsMe 
(a) CH 2 N CH 2 N CH 2 As CH 2 As 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ' ' I 
7 6 5 4 3 
in CDC1 3 solution of: a) , (R*,S*)-74 (ini tial spectrum ); 
into monoimine (±)-97. 
I ' I I I I I ' I I ' ' ' I I I I I I I ' I ' l I I I I I 
2 1 o ppm 
and b), after 48 h indicating the 
Ul 
Q'\ 
AsMe 
Aromatic 
CH=N CH 2 N CH 2 As 
( b) 
CH=N Aromatic 
AsMe 
CH 2 N CH 2 As 
(a) 
I ' ' ' I ' ' ' ' l ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' l ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' l I ' ' ' ' 9 8 7 6 s 4 3 2 1 o ppm 
Fi gure XII. 1 H NMR spectra in CDC1 3 so l uti on of: a ), [R-(R*,R*)]-74 (initial spectrum); and b), after 48 h indicating 
the conversion of the opti cally active diimine into optically active monoimine (R)-97. 
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Scheme XXIV 
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(CH 2 As) , and a singlet at o 1 . 29 (AsMe) in its 1 H NMR spectrum . The 
r ate of formation of the monoimine was found to be both concentration 
' 
and solvent dependent . For example, in freshly distilled 
tetrahydrofuran the diimine remained unchanged for one week . 
Furthermore , the above transformation was promoted by the addi t·ion of 
a small quantity of trifl uoroacetic acid (TFAH) . The monoimine (±)-97, 
however , could not be isolated since removal of the solvent caused 
stereospecific rearrangement back into (R*,S*)-74 . Similarly , (R)-97 
dimerises to [R-(R*,R*)]- 74 upon removal of the solvent . 
The dimeric nature of the optically active diimine 
[R-(R *, R*)]- 74 was confirmed by an osmometric molecular weight 
determination in CH 2 Cl 2 (f ound : 434 , calcd : 442) , but the molecular 
2 
* 
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weight of (R*,S*)-74 could not be determined by this method due to its 
poor solubility. Compound (R* , S*)- 74, however, was converted into the 
corresponding diamine (R*,S*)-75 by reduction with LiAlH 4 (Scheme 
XXIV). A subsequent molecular weight determination of the reduced 
material by the same method in CH 2 Cl 2 confirmed the dimeric nature of 
(R*,S*)-75 (found: 439, calcd: 446) and hence of the diimine (R*,S*)-
74. The monoimine C±)-97 was also converted into the corresponding 
amine C±)-98 by reduction with LiAlH 4 (Scheme XXIV) . The monomeric 
nature of C±)-98 (and thus of C±)-97) was also confirmed by a similar 
molecular weight determination of C±)-98 (Found : 230; Calcd: 223). As 
expected, monoamine-diamine interconversion was not observed . 
For the monoimine-diimine interconversion, a reaction 
sequence involving the 1,3-diazetidine, 99, can be envisaged as shown 
in Figure XIII. It had previously been suggested that the 
interconversion between 4,5-dihydro-3H-2-benzazepine, 100, and 
7,8,9,16,17,18-hexahydro-dibenzo[c,j][1 ,8]diazacyclotetradecine, 101, 
~N Me 
'-
As_) As CN j 
Me I 
J 
97 99 
Figure XIII. Monomer-dimer interconversion via 1 ,3-diazetidine 
intermediate 99. 
'- Me 
74 
!he concerted [2 + 2] cycloadditions are formally symmetry forbidden. An 
acid-catalised pathway via an aldehyde intermediate has accordingly been 
suggested as a mechanism of the rearrangement, although there is no 
experimental evidence for this pathway. 
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proceeded via this type of intermediate. 77 Schiff base dimerisations 
to 1,3-diazetidines and Schiff base exchange reactions via 
N 
100 101 
diazetidines have also been r eported by Ingold et a1. 78 Diazetidine 99 
is related to the product of dimeri sation of 
N-hydroxyhexamethyleneimine. 79 
The stereospec ifi c formation of diimine (R* , S*)- 74 by the 
mechanism propos ed by Goldman et a1 . 77 for the formation of the 
related parent macrocycle 101 suggested that the preferred 
conformations of monoimine (±)- 97 are as shown in Figure XIV . The 
methyl groups on the asymmetric a rs en ic stereocentres of these 
( s) 
____ As 
./\Me 
[R-(R*,S*)]-97 
- - -
[ S- ( R *, S *) ]- 9 7 
- - -
Figure XIV. The prefer red conformations of (±)-97. (the second term in the 
descriptor refers to the chirality of the ring . 76 ) 
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conformers adopt equatorial positions, thus locking the seven-membered 
rings into the respective R or S planar chiralities. 76 It is clear 
from the examination of CPK and Dreiding models of the diazetidine 
transition state structures that the dimerisation of monoimines of 
opposite ring chirality is strongly favoured over the coupling of 
rings of the same chirality . 
2. 5 Reaction of (R*,S*)-74 with the Resolving Agent (R)-69 
We have shown previously (Section 2.4) that the dimerisation 
of the monoimines (±)-97 in the absence of metal ions gives 
exclusively (R*,S*)-74. The ease with which the monoimine-diimine 
- -
interconversion took place suggested that if the dimerisation was 
carried out under different conditions, in particular, in the presence 
of a metal ion, it might be possible to isolate diastereomeric 
complexes containing the (R*,R*)-diimine. This has indeed proved to be 
the case. Thus, the reaction of two equivalents of (R*,S*)-74 with the 
resolving agent (R)-69 in methanol, in the presence of a trace of 
TFAH, gave a mixture of diastereomeric palladium(II) complexes in 
solution. Treatment of the solution with aqueous NH 4 PF 6 precipitated a 
mixture of [R-(R*,R*,R*)]-92 and [S-(R*,R*,S*)]-92 (Scheme XXV). Upon 
fractional crystallisation from dichloromethane-methanol, the mixture 
yielded optically pure [S-(R*,R*,S*)]-92 (yellow) . Subsequent 
treatment of this complex with (R* ,R* ) - (±)-1 , 2-
phenylenebis(methylphenylphosphine) gave the optically active 
macrocycle [R-(R*,R*)]-74 (Section 2.3.5 ) . The other diastereomer, 
[R-(R*,R*,R*)]-92, could not be obtained in ·pure form due to its high 
solubility in most organic solvents. Thus, [S-(R*,R*)]-74 was best 
prepared with use of the enantiomorphic resolving agent (S)-69, in 
which case [R-(R*,R*,S*)]-92 was readily isolated. This method of 
preparing the optically active diimine from the meso diimine and 
Scheme XXV 
+ 
Me 
"' Me ,Me l ...---'.: 
M'e '/1 Me N" ' Pd--- As(R) 
~N 
I Me 
[R-(R*,R*,R*)]- 92 
62 
Me Me ,/, N" ~~I Pd 
~ 
2 
(R)- 69 
1. TFAH / methanol 
[S-(R*,R*,S*)]- 92 
I 
N -
) 
PF6 
( s ) 
As... 
63 
resolving agent is much more convenient than the one involving the 
alcohol complex 89 (Section 2.3.3), since large amounts (ca. 30 g) of 
diimine (R*,S*)-74 can be readily prepared (Section 2.2). Furthermore, 
the fractional crystallisation of the macrocyclic diastereomeric 
complexes [S-(R*,R*,S*)]-92 and [R-(R*,R*,R*)]-92 was more readily 
effected than the separation of the diastereomeric alcohol complexes 
[S-(R*,S*)]-89 and [R-(R*,R*)]-89 (Section 2.3.2). 
The formation of [S-(R*,R*,S*)]-92 from (R*,S*)-74 involved 
the initial rearrangement of the diimine into monoimine (±)-97. 
Although monoimine C±)-97 is potentially a bidentate chelating agent 
(via the tertiary arsenic and imino nitrogen donors), models suggested 
that steric constraints imposed by the unsaturated seven-membered ring 
would permit it to act only as a unidentate. Thus, diastereomeric 
intermediates involving two of the imine rings acting as unidentates 
are possible. Because previous work in our group has shown that the 
trans-effect of the NMe 2 group strongly favours the coordination of 
soft donors and the ortho-metallated carbon, hard donors, 61 , 63 an 
intermediate involving one As-bound and one N-bound monoimine is 
likely. Furthermore, the models suggest that if this was to occur with 
the imine bonds arranged for (2+2) cycloaddition with the rings in 
their preferred conformations ' (see earl i er) an (R* ,R*) product would 
result. 
2.6 Preparation of Diamine macrocycles (R* ,S*)-75, [R-(R*,R*)]-75 
and [S-(R*,R*)]-75, and the Corresponding Monoamines C±)-98, 
(R)-98,and (S)-98. 
The potentially quadridentate macrocycles (R*,S*)-75, [R-
(R*,R*)]-75, and [S-(R*,R*)]-75 were prepared by the LiAlH 4 reduction 
of the corresponding diimine macrocycles (R* ,S*)-74, [R-(R*,R*)]-74, 
- -
and [S-(R*,R*)]-74, respectively (see Scheme XXIV). The racemic 
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diamine macrocycle (R*,R*)-75 could not be obtained by this method as 
- -
the corresponding diimine (R*,R*)-74 cannot be isolated. Macrocycle 
(R*,R*)-75 was prepared in ca. 90% yield, however, by a metal assisted· 
stereospecific transformation of (R*,S*)-75 (vide infra). 
Diamines (R*,S*)-75 and optically active [R-(R*,R*)]-75 (or 
[S-(R*,R*)]-75) ([a]D±190° (c 0.5, CH 2 Cl 2 )) were obtained in virtually 
quantitative yields as white crystalline solids from dichloromethane-
methanol mixture and from chloroform, respectively. It was interesting 
to note that the optically active compounds crystallised as 
dichloroform solvates with mp 55 °c. 
The 1 H NMR spectra of (R*,S*)-75 and [R-(R*,R*)]-75 are shown 
in Figures XV and XVI, respectively. The benzylic protons of the meso 
and of the optically active forms of the macrocycles appear as AB 
quartets at o 4 .28 and 6 3.65 and at 6 4 .40 and 6 3.42, respectively, 
with almost identical geminal coupling constants being observed in 
each case ( 2 JAB ca . 11.5 Hz) (Table IV). AA ' BB' multiplet patterns 
were exhibited for CH 2 N and CH 2 As protons in both compounds. The two 
AsMe groups are equivalent in each of the diastereomers and were 
observed as singlets at 6 1 .16 and 6 1 . 13 for meso and optically 
active compounds, respectively. The racemic and optically active 
monoamines 98 were obtained from the respective diimines by prior 
treatment of a tetrahydrofuran solution of the respective diimines 
with TFAH (to produce monoimine 97) before reduction with LiAlH 4 • The 
monoamines 98 were obtained in ca. 75% yield as colourless liquids. 
The optically active compounds (R)-98 an d (S)-98 had [a]D-104° and 
+104° (c 0.5, CH 2 Cl 2 ), respectively. 
As expected, the 1H NMR of (±)-98, (R)-98, and of (S)-98 
were identical. The resonances due to the benzylic protons exhibited 
an AB quartet at o 4.02 and 3.98 with a geminal coupling constant of 
2 JAB=15.1 Hz (Table IV). The methylene protons appeared as multiplets 
AsMe 
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Figure XV. 1H NMR spectrum of (R*,S*)-75 
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in CDCl 3 solution. 
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Figure XVI. 1 H NMR spectrum of [R-(R*,R*)]-75 in CDC1 3 solution. 
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in the region o 3 . 45-3 . 29 (CH 2 N) and o 1 . 85-1 . 79 (CH 2 As) . The AsMe 
signal was observed as a sharp singlet at o 1 .26. 
The absolute configuration of the diamine [S-(R*,R*)]-(+)-75 
was deduced from that of the diimine [S-(R*,R*)]-(+)-74 by assuming 
that the chirality of the arsenic stereocentres in the former were 
unaffected by the reduction of the imine groups . By the same argument, 
the absolute configuration of the arsenic stereocentre in monoamine 
(-)- 98 is R. 
2.7 Macrocyclic Complexes 
The complexation properties of the potentially quadridentate 
macrocyclic diimines 74 and of the diamines 75 were studied by 
reacting the appropriate form of the ligand with Li 2 [PdC1 4 ] in 
methanol . In each of the isolated complexes ( 1 H NMR data summarised in 
Table IV) the ligand was acting as a quadridentate. Reaction of 
(R*,S*)- 74 with Li 2 [PdC1 4 ] in methanol gave a yellow solution from 
which a white precipitate was obtai ned by a ddition of aqueous NH 4 PF 6 • 
Recrystallisation of this material fr om aqueous acetone gave white 
crystals of [Pd{(R*,S*)-74}](PF 6 ) 2 in 68% yield. The 1 H NMR spectrum 
of the product in DMSO-d 6 contained a singlet at o 2.06 for the AsMe 
group : this value is ca . 0.8 ppm down-field of that found for the same 
group in the free ligand (Table IV). The resonance due to the 
azomethine protons (CH=N) were only slightly shifted down-field of 
those in the free ligand (to=0 . 07 ppm). The e xamination of CPK and 
Dreiding models of the complex suggested the structure shown in Figure 
XVII . 
Unexpectedly , the yellow methanol solution obtained from the 
reaction of [R-(R*,R*)]-74 with Li 2 [PdCl 4 ] did not yield a precipitate 
upon the addition of aqueous NH 4 PF 6 • Concentration of the reaction 
mixture resulted in the isolation of a yellow glassy material , but 
Table IV. Selected 1 H NMR Data for Macrocycles 74, 75,and Monoamine 98,and for the Corresponding Palladium(II) Complexes 
Compound o(CH=N) o(ArCH2N) o(CH 2 N) o(CH2As) o(AsMe) 
-
(R*,S*)-74 8.83(d) 4.13 and 2.94(m) 2 . 4 8 and 1 . 9 4 ( m ) 1 .24(s) a -
- - 4 J=2.0 Hz 
-
[Pd{(R*,S*)-74} ](PF 6 ) 2 8 . 90(s) 4.63-4.23(m) 3.24-2.68(m) 2.06(s) b -
(R*,S*)-75 4. 28 and 3 . 65 (AB) 2 .91-2.64(m) 2.13-1.8o(m) 1.13(s) a -
- - 2 J AB= 11 . 8 Hz 
°' [Pd{(R*,S* )-75}]( PF 6 ) 2 4.40-4.1 8(m) 3.70-3.2o(m) 2.52-2.30(m) 1 .97(s) b 
()'.) 
-
[R-(R*,R*)]-75 4 . 40 and 3 . 42(AB) 2 .9 2-2.59(m) 2.17-1.84(m) 1.16(s) a -
- - 2 J AB= 11 . 5 Hz 
[Pd{[R-(R*,R*)]-75}](PF 6 ) 2 - 4 . 34-4 .1 2(m) 3 . 25-2.95(m) 2.40-2.10(m) 2.04(s) b 
( ±) -98 4. 02 and 3. 98(AB) 3.45-3. 29(m) 1 .85-1. 79 (m) 1.26(s) a -
2 JA 8=15 .1 Hz 
a Recorded in CDC1 3 • Q Recorded in DMSO-d 6 • 
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Figure XVII . Proposed structure for [Pd{(R* , S*)- 74}](PF 6 ) 2. 
all attempts to crystallise this material failed . The 1 H NMR spectrum 
of the compound in DMS0- d 6 was not of sufficient quality for 
diagnostic use . 
Treatment of a solution of the diamine (R* , S*)-75 in 
dichloromethane with a methanolic solution of Li 2[PdCl 4 ] gave 
[Pd{(R* , S*)- 75}]Cl 2 as a white powder. Although this compound was 
insoluble in most organic solvents, it was soluble in warm water (T<50 
0 c) . The pure compound was obtained by recrystallisation from aqueous 
methanol as white needles. The corresponding hexafluorophosphate salt 
was obtained by dissolving the chloride in warm water and adding 
aqueous NH 4 PF 6 to the solution . The product was isolated as white 
needles after recrystallisation from an acetone-dichloromethane 
mixture . The 1 H NMR spectrum of the hexafluorophosphate contained a 
singlet at o 1 . 97 (AsMe) Co 1.13 in the free ligand) and multiplets in 
the region o 2.30- 3.70 (CH 2N and CH 2As) and o 4 .40-4 . 18 (benzylic-CH 2) 
(Table IV) . The broad peak at o 6 . 60 (NH) slowly exchanged with D20 . 
- -1 The infrared spectrum of the salt had a sharp absorption at 3240 cm 
CvNH). (The free ligand (R*,S*)-75 exhibited a weak vNH absorption at 
- 1 32 80 cm . ) 
The corresponding optically active complex [Pd{[R-(R*,R*)]-
75 }](PF5)2 was prepared similarly and the product was isolated as 
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white needles from 2-butanone-diethyl ether mixture: the crystal 
contained 0.25 molecules of 2-butanone as solvate. The 1 H NMR spectrum 
of [Pd{[R-(R*,R*)]-75}](PF 6 ) 2 in DMSO-d 6 had multiplets in the region 
o 4.34-4.12 (benzylic-CH 2 ) and o 3.25-2.10 (CH 2 N and CH 2 As). A sharp 
singlet was present at o 2.04 due to the AsMe group (Table IV). The 
infrared spectrum of the salt contained an absorption at 3250 cm-1 due 
to vNH' The diamino macrocycles (R*,S*)-75, [R-(R*,R*)]-75, and [S-
(R*,R*)]-75 can each, in principle, form three diastereomeric square-
planar complexes due to the presence of the additional pairs of 
asymmetric nitrogen stereocentres (Figures XVIII and XIX). We are 
unable to say which particular diastereomers are preferred for these 
complexes, but X-ray crystal structures of similar complexes 
containing a related trans-As 2 S 2 macrocycle (Sin place of NH) 
revealed that the (R*,S*) ligand produced equal amounts of the 
centrosymmetric diastereomers (a) and (b) (Figure XVIII) and that the 
(R*,R*) diastereomer formed exclusively the dissymmetric (C
2
) 
diastereomeric cation (a) (Figure XIX). 80 
2.8 Metal Assisted Stereospecific Transformation of Diamine (R*,S*)-75 
into (R*,R*)-75 
The asymmetric arsenic stereocentres in aryldialkylarsines 
are highly resistant to thermal inversion with barriers of ca. 170 kJ 
-1 12 
mol (t 112 ca . 740 hat 200 °C) . Thus , diamines (R* , S*)-75 and 
(R*,R*)-75 were heated at 150 °c for 2 .5 h in DMS0 without change. In 
general, however , the arsenic stereocentres in such compounds racemise 
readily in the presence of traces of halo acids 13160 . An exception was 
found in the case of methyl[1-(methylphenylarsino)phenyl]phenyl-
phosphine, 71, where the formation of a protonated phosphonium 
derivative increased the barrier to inversion of the tertiary arsenic 
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stereocentre to the extent that racemisation of this compound was not 
observed when it was exposed to halo acids (HX) for long periods . 62 
Presumably , the already weak basicity of the tertiary arsenic centre 
was further reduced in the phosphonium salt with the result that 
interaction with HX and ensuing pseudorotation of the five-coordinate 
adduct leading to epimerisation did not occur. For diamine 75 it was 
found that heating of (R* ,S* ) -75 or [R-(R*,R*)]-75 in methanol 
solution in the presence of concentrated H2 S0 4 and NaCl (to give 
anhydrous HCl) at 60 °C for one week did not lead to any loss of 
identity of the diastereomers , as evidenced by 1 H NMR spectroscopy and 
polarimetry , respectively. It is possible that the protonation of the 
secondary nitrogen centres in the diamines could lead to a weakening 
of the basicity of the tertiary arsenic cent res as de scribed above for 
71, with the result that arsenic inversion was prevented. 
In contrast to the stereochemica l inertness of the 
diastereomers of the free ligand, the coordinated tertiary arsenic 
stereocentres in the cations [Pd(75)] 2+ were found to be sensitive to 
heat in solution . The inversion of coordinated tertiary arsenic 
stereocentres in transition metal complexes has been previously 
80 81 
reported . ' For example, the coordinated inner tertiary arsenic 
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donors of an acyclic tetra(tertiary arsine)cobalt(III) chloride 
complex were found to invert upon heating of the complex in 
acetonitrile . 81 Furthermore , tertiary arsenic inversions were observed 
in certain palladium(II) cations of a related trans-As 2 S 2 macrocycle 
in the absence of halide ions . 80 When [Pd{(R* , S*)- 75}](PF 6 ) 2 was 
heated in DMSO at 110 °c for 4 hit was converted completely into 
[Pd{(R* , R*)- 75}](PF 6 ) 2 (Scheme XXVI) . The transformation was monitored 
by variable temperature 1 H NMR spectroscopy (Figure XX). 
The corresponding salt [Pd{(R* , S*)-75}]Cl 2 underwent a 
similar stereospecific transformation into racemic [Pd{(R*,R*)-75}]Cl 2 
when heated in solution , but the rearrangement occurred under much 
milder conditions (1 hat 60 °C in water). The enhanced rate of the 
inversion of the coordinated arsenic stereocentres in the chloride 
complex suggests that the anions are participating in the observed 
rearrangements. Treatment of the resulting complex [Pd{(R*,R*)-75}]Cl 2 
with aqueous KCN , followed by extraction of the · liberated the diamine 
(R*,R*)-75 into dichloromethane, provided an efficient method of 
preparing the otherwise unobtainable (R*,R*)-75. 
The same direction of transformation between the 
diastereomeric complexes ([(R*,S*)] [(R*,R*)]) was also found 
80 in the related trans-As 2 S2 system, which implies that the meso 
complexes are thermodynamically less stable than their racemic 
counterparts . It was therefore significant to observe that the 
corresponding optically active complex [Pd{[R-(R*,R*)]-75}](PF 6 ) 2 was 
much less prone to the transformation . Mutarotation of the optically 
active complex was relatively slow: 40 hat 110 °C in DMSO for 
complete racemisation . This is consistent with the higher energy of 
the meso complexes, which are presumably the transition states for the 
racemisation . 
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2 . 9 Experimental 
2 . 9 . 1 General 
Reactions involving air-sensitive compounds were 
carried out under a positive pressure of argon. All solvents were 
freshly distilled under argon prior to use . Diethyl ether, 
tetrahydrofuran, and benzene were distilled from sodium (benzophenone 
ketyl was used as indicator) . Methanol was dried by treatment with 
magnesium and iodine prior to distillation . 1 H NMR spectra were 
recorded at 34 °con JEOL FX 200 (200 MHz) and Bruker CXP 200 
spectrometers . A JEOL FX 200 spectrometer operating at 50.3 MHz was 
used to obtain 13 C NMR spectra. 1 H and 13 C NMR chemical shifts are 
reported as 8 values relative to internal Me 4 Si. Optical rotations 
were measured on solutions in a 1 dm cell with a Perkin-Elmer Model 
241 polarimeter. Infrared spectra were obtained in Nujol mulls or 
liquid films between KBr or CsI plates by the use of a Perkin-Elmer 
Model 683 spectrophotometer. Mass spectra were recorded by the use of 
a VG Micromass 7070F (70 eV). Elemental analyses were performed by 
staff within the Research School of Chemistry. 
Optically active primary amines were purchased from 
Norse Laboratories, Inc., Santa Barbara, CA, and methylated by 
standard procedures. Di-µ-chlorobis[(R)-1-[1-(dimethylamino)ethyl]-2-
naphthalenyl-C2,N]dipalladium(II), (R)-69, was prepared from 
Li 2[PdCl 4 ] by treatment with 1 equivalent each of (R)-[1-
(dimethylamino)ethyl}naphthalene and triethylamine in methanol (yield 
92%). 61 X-ray structure determinations of compounds were performed at 
Macquarie University and the Crystalitics Company by use of a Nicolet 
XRD P3 four-circle diffractometer and a four-circle Nicolet 
autodiffractometer, respectively. 
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2.9.2 Preparation of Imidazolidine Precursor, C±)-78 
1 ,3-Dimethyl-2-phenyl-imidazolidine, 80. Compound 80 was 
----------------------------------------
prepared from benzaldehyde and N,N'-dimethyl-1 , 2-ethanediamine by a 
modified literature method. 68 Thus, a mixture of benzaldehyde (70 g , 
0.66 mol) and N,N'-dimethyl-1 ,2-ethanediamine (58 g, 0 . 66 mol) in 
benzene (300 mL) was heated to boiling point and the resulting water 
was removed as a benzene azeotrope with use of a Dean-Stark 
apparatus. After removal of benzene the product was distilled as a 
colourless oil with bp 60-62 °c (0.2 mm Hg), 110 g (95%) . Anal. Calcd 
for C 1 1 H 1 6 N 2 : C, 75. 0 ; H, 9. 2 ; N, 1 5. 9. Found: C, 7 4 . 8; H, 9 . 0 ; N, 
1 6 . 2 . 1 H N MR ( CD C 1 3 ) : o 7 . 2 0 - 7 . 5 5 ( 5 , m , Ar H ) , 3 . 3 0- 3 . 5 5 ( 2 , m , 
CH 2 N), 3.24 (1 , s,NCHN), 2.35-2.65 (2 , m, CH 2 N), 2 . 14 (6 , s , .Me) . 
1,3-Dimethyl-2-[2-(dimethylarsino)phenyl ]imidazolidine , 82. 
To a stirred and cooled (-78 °C) solution of 1 , 3- dimethyl - 2-phenyl -
imidazolidine, 80 (140 g, 0 . 79 mol) in diethyl ether (600 mL ) 
was added a solution of n-BuLi in hexane (500 mL of 1. 5 M, 0 . 75 mol) 
dropwise over a period of 1 hand the resulting mixture was stirred 
for a further 16 hat room temperature. The reaction mixture was then 
cooled (0 °C) and a solution of dimethyliodoarsine (165 g , 0 . 71 mol) 
in diethyl ether (100 mL) was added dropwise with stirring . After 
1 h , water (75 mL) was added and the organ~c layer was separated. The 
aqueous layer was extracted with diethyl ether (2x250 mL) . The 
combined organic extracts were dried ( gSO 4 ) , filtered, and 
evaporated to give an orange oil that was distilled to give the 
product as a viscous yellow oil : bp 94-96 °c (0 . 05 mm Hg) , 167 g 
(84%) . Anal. Calcd for C13 H21 AsN 2 : C, 55 . 7; H, 7 . 6; N, 10 . 0 . Found: 
C , 5 5 . 8 ; H , 7 . 4 ; N , 1 0 . 4 . 1 H N MR ( CDC 1 3 ) : o 7 . 1 5- 7 . 6 5 ( 4 , m , Ar H ) , 
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4.06 (1 , s, NCHN), 3.30-3 .50 (2, m, CH 2N), 2.45-2.65 (2, m, CH 2N) , 
2.16 (6, s, NMe), 1.12 (6, s, AsMe). 13 C NMR (CDCl3): 0 143.4, 12 9. 6 , 
129.1, 128.8, 128.4, 128.3 (ArC), 89.6 (NCHN), 53.4 (CH 2), 39 . 6 
(NMe), 11.2 (AsMe). 
1,3-Dimethyl-2-[2-(methylarsino)phenyl]imidazolidine, 
(±)-83. Small pieces of sodium foil (9.62 g, 0.41 mol) were added to 
a well stirred mixture of 1,3-dimethyl-2-[2-(dimethylarsino)phenyl]-
imidazolidine, 82 (58.6 g, 0.20 mol) in liquid ammonia (500 mL) . 
After 2 h, the ammonia was evaporated and diethyl ether (300 mL) and 
water (50 mL) were added. The organic layer was separated and t he 
aqueous phase was extracted with diethyl ether (2x25O mL). The 
combined extracts were dried (MgS0 4 ), filtered, and evapor a t ed. The 
yellow oil that remained was purified by distillation . The pu r e 
product was thus obtained as a colourless oil: bp 91- 93 °C (0 . 05 mm 
Hg), 46 .8 g (84%) . Anal. Calcd for C12 H19 As N2: C, 54 .1; H, 7 . 2 ; N, 
10.5. Found: C, 54. 2 ; H, 7 . 1 ; N, 10 . 7 . qH NMR (CDCl 3) : o 7 . 10- 7. 70 
(4, m, ArH), 3.71 ( 1, q , 3J == 6 . 6 Hz, AsH) , 3 . 65 (1 , s , NCHt) , 3. 30-
3.60 (2, m, CH 2N), 2. 70-2.40 (2, m, CH 2N) , 2 . 16 (6 , s , NMe) , 1 . 21 (3 , 
-1 d, 3J==6.6 Hz, AsMe). IR (Neat ) : 2100 cm (vAsH ) . 
1 ,3-Dimethyl-2-[2-[methyl[ 2- aminoethyl]arsino]phenyl]-
imidazolidine, C±)-78. (Method 1) . Secondary arsine 1,3-dimethyl-
2-[2-(methylarsino)phenyl]imidazolidine, C±)-83, (38 g, 0.14 mol), 
was added dropwise to a solution of sodium (3 . 25 g, 0.14 mol) in 
liquid ammonia (750 mL) . After 2 h, a solution of 
2-chloroethanamine82 (1 . 7 eq ., (excess)) in diethyl ether was adde d 
and stirring was continued for a further 1 h. The ammonia was 
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evaporated off and the residue was extracted with diethyl ether 
(2x500 mL), and the extract was filtered. Evaporation of the filtrate 
yielded a pale yellow oil, which, according to its 1 HNMR spectrum, 
was the expected product, although a satisfactory elemental analysis 
could not be obtained due to an on-going reaction to a macrocyclic 
diimine. Yield 43 g (98%). 1 H NMR (CDC1 3 ): o 7.61-7.29 (4, m, ArH), 
4.15 (1, s, NCHN), 3.45-3.38 (2, m, CH 2 N, 2.85-2.76 (2, m, CH 2 NH 2 ), 
2 . 6 4 - 2 . 5 7 ( 2 , m , CH 2 N ) , 2 . 1 9 ( 6 , s , NM e ) , 1 . 8 8- 1 . 8 3 ( 2 , m , CH 2 As ) , 
1 . 3 4 ( 2, s , NH 2 ) , 1 . 1 7 ( 3, s , AsM e) . 
(Method 2). Compound (±)-78 was also prepared from the 
reaction between 1,3-dimethyl-2-[2-(dimethylarsino)phenyl]-
imidazolidine, sodium , and 2-chloroethanamine in liquid ammonia . This 
avoids the isolation of intermediate secondary arsine (±)-83. In a 
typical reaction, tertiary arsine 82 (45 g, 0.16 mol) was added 
dropwise to a solution of sodium (7.4 g, 0.32 mol) in liquid ammonia 
(500 mL) and the resulting mixture was stirred for 5 h. An ethereal 
solution of 2-chloroethanamine82 (1.7 eq ., (excess)) was then added 
and the ammonia was evaporated by stirring the resulting mixture 
overnight. The residue was then worked up (as described in Method 1) 
to give (±)-78 as a pale yellow oil (40 g, 80%). 
2.9.3 Preparation of Meso and Racemic Macrocycles 
(9R*,18S*)-7,8,9,16,17,18-Hexahydro-9,18-dimethyl-
dibenzo[e,l_][ 1, 8, 4 , 11 ]diazadiarsacyclotetrade.cine, (R*, S*)-74 . The 
precursor (±)-78 (45 g , 0 .15 mol) was heated at 80 QC in vacuo 
(0.05 mm Hg)) for a period of 24 hand the liberated N, N'-dimethyl-
1 ,2-ethanedi amine was collected in a liquid nitrogen trap . The 
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resulting light yellow solid was washed with methanol (300 mL) to 
give a white solid. Recrystallization of this material from methanol-
dichloromethane mixture gave white crystalline needles with mp 180 
°ဍC (dee.), 31 g (95%) . Anal. Calcd for C20 H24 As 2N2: C, 54.3; H, 5.5; 
N , 6 . 3 . Found : C , 5 4 . 1 ; H , 5 . 5 ; N , 6 . 1 . 1 H N MR ( CDC l 3 ) : c5 8 . 8 3 ( 2 , d , 
4J=2.O Hz, CH=N), 8 .19 (2, dd, 3J=7.1 Hz, 4J=2.O Hz, ortho-H), 7.62-
7.31 (6, m, ArH), 4.13 (2, m, CH 2N), 2.94 (2, m, CH 2N), 2.48 
( 2 , m , CH 2 As ) , 1 . 9 4 ( 2 , m , CH 2 As ) , 1 . 2 4 ( 6 , s , A sM e ) . IR ( N uj o l ) : 
-1 + + 1640 cm (vC=N). Mass Spectrum: m/e 442 [M] , 427 [M-Me] . 
(9R* ,1 8S*) -5,6,7,8,9,14,15,16,17,18-Decahydro-9,1 8-dimethyl 
dibenzo[e,1][1,8,4,11]diazadiarsacyclotetradecine, (R*,S*)-75. To a 
- - - -
stirred suspension of LiAlH 4 (2 g, 0.05 mol) in tetrahydrofuran (500 
mL) was added the diimine, (R*,S*)-74 (10 g, 0.02 mol) in small 
portions. The mixture was subsequently heated under reflux for 3 h, 
and then cooled to O °C and excess LiAlH 4 was decomposed by the 
sequential addition of water (2 mL), 4N NaOH (2 mL), and water (6 
mL). After stirring for 30 min, the solid was filtered off and the 
filtrate was dried (MgS0 4), filtered, and evaporated under reduced 
pressure to leave a white solid. The product after recystallization 
from a methanol-dichloromethane mixture was obtained as crystalline 
white cubes with mp 161-162 °c, 9 g (90%). Anal . Calcd for 
C 2 0 H 2 8 A s 2 N 2 : C , 5 3 . 8 ; H , 6 . 3 ; N , 6 . 3 . F o un d : C , 5 3 . 9 ; H , 6 . 5 ; N ,. 6 . 3 . 
1 H NMR (CDC1 3): c5 7 . 52-7 . 26 (8, m, ArH) ,4.28 and 3. 65 (4, AB q, 
2JAB=11.8 Hz , benzylic-CH 2), 2 .91-2.64 (4, m, CH 2 N) , 2 . 13-1.80 (4, m, 
CH2As), 1 .1 3 ( 6, s' AsMe). 1 3C NMR (CDCl3): c5- 1 44 . 9, 140 . 3, 130 . 9, 
129.2, 128.4, 127.4 (ArC), 53.9, 46 . 7 (C7,c16), 32.3 (C8,c17), 8.8 
- 1 + (AsMe). IR (Nujol): 3280 cm (vNH) . Mass Spectrum. m/e 446 [M], 431 
+ [M-Me]. Mol. Wt. (Osmometry, CH 2 Cl 2): Found 439 . Calcd. 446 . 
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(9R*,18R*)-(±)-5,6,7,8,9,14,15,16,17,18-Decahydro-9,18-
-------------------------------------------------------
dimethyl-dibenzo[e,!][1 , 8,4,11 ]diazadiarsacyclotetradecine, (R*,R*)-
-------------------------------------------------------------------
75. (Method 1) . A solution of [Pd{(R*,S*)-75}](PF 6 ) 2 (5 g, 5.9 mmol) 
in DMSO (50 mL) was heated at 110 °C for 4h. The resulting solution 
was cooled to room temperature , the solvent was removed under reduced 
pressure, and the residue was dissolved in dichloromethane (200 mL). 
To this was added a solution of KCN (3 g, excess) in water (50 mL) 
and the mixture was stirred at room temperature for 1 h . The 
dichloromethane layer was then separated, washed with water (2x200 
mL), dried (MgS0 4 ), filtered, and concentrated to give a viscous oil. 
This material was purified by flash chromatography on basic alumina 
(activity 90) using methanol-dichloromethane (1 :99) as eluent: 2.1 g 
(80%). The spectral data were identical to those of the optically 
active compound . 
(Method 2). A solution of [Pd{(R*,S*)-75}]Cl 2 (5 g, 8 mmol) 
in water (40 mL) was heated on a steam bath for 1 h. The resulting 
solution was filtered to remove a trace of solid material and the 
filtrate was cooled to room temperature. Dichloromethane (100 mL) and 
KCN (2 g, excess) was then added and the reaction mixture was stirred 
for 1 h. The layers were separated and the organic phase was dried 
(MgS0 4 ), filtered, and evaporated to leave a pale yellow oil. This 
oil was flash chromatographed (as for method 1) to give the pure 
product, 3-3 g (93%). 
2.9.4 Preparation of Racemic Monomers 
(±)-2,3-Dihydro-1-methyl-4,1-benzazarsepine , (±)-97. To a 
suspension of diimine (R*,S*)-74 (2 g, 4.5 mmol) in dichloromethane 
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(75 mL) was added TFAH (0.5 mL) and the resulting mixture was stirred 
at room temperature for 2 days. The solution was then filtered and 
the filtrate taken to dryness. The yellow oil could not be distilled 
because of rearrangement to dimer (R*,S*)-74. 1H NMR (CDC1 3) : o 8.52 
(1, s, CH=N), 7.62-7.31 (4, m, ArH), 3.72-3.89 (2, m, CH 2N), 2 . 60-
2.73 and 2.19-2.05 (2, m, CH2As), 1.29 (3, s, AsMe). 13C NMR (CDCl3) : 
o 163.5 (c 5), 142.1, 138.O, 133.3, 129.6., 129.0, 128.2 (ArC), 50 . 0 
-1 ( C 3 ) , 3 2 . 4 ( C 3 ) , 1 O . 1 ( A sM e ) . IR ( Neat ) : 1 6 3 5 cm ( v C = N ) . 
(±)-2,3,4,5-Tetrahydro-1-methyl-4,1-benzazarsepine, (±)-98. 
To a suspension of diimine, (R*,S*)-74 (2 g, 4.5 mmol) in diethyl 
ether (150 mL) was added TFAH (0.5 mL) and the resulting mixture was 
heated under refluxing conditions for 2 days to obtain a solution. 
This solution was cooled to room temperature, filtered, and the 
filtrate was added dropwise to a suspension of LiAlH 4 (500 mg, 
(excess)) in diethyl ether (200 mL). After boiling the mixture for 2 
hand subsequent cooling, the excess LiAlH 4 was decomposed by the 
addition of water (0.5 mL), 4N NaOH (0.5 mL), and water (1 . 5 mL) . The 
resulting solid was filtered off and the filtrate was dried (MgSO 4) , 
and filtered. Removal of the solvent under reduced pressure gave a 
yellow oil , which was purified by distillation: colourless oil, 
bp 115 °C (O.O4 mm Hg) (Kugelrohr), 1 . 5 g (74%). Anal . Calcd for 
C10H14 AsN: C, 53 . 8; H, 6.3; N, 6.3. Found: C, 53.2; H, 6.4 ; N, 6 . 3 . 
1H NMR (CDC1 3): o 7 . 41-7.07 (4, m, ArH), 4.02 and 3. 98 (2 , AB q, 
2JA8=15.1 Hz , benzylic-CH 2), 3 . 45-3 . 29 (2, m, CH 2N) , 1 . 85-1.79 (2, m, 
CH2As), 1.26 (3, s , AsMe). 13 C NMR (CDCl3): 6 144.7, 143.8, 130.3, 
128.2, 127.2, 126.7 (ArC), 53.7, 48.8 (c 3 , c5), 29 . 2 (C 2 ), 8 .3 
-1 + (AsMe) . IR (Neat) : 3300 cm CvNH). Mass Spectrum m/e 223 [M] , 208 
+ [M-Me] . Mol . Wt . (Osmometry, CH 2Cl 2 ): Found 225 . Calcd. 223 . 
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2.9.5 Pr eparation of Benzenemethanol Precursor, (±)-79 
2-(Dimethylarsino)benzalde hyde, 84. Concentrated HCl (10 M, 
150 mL) was added to a solution of 1,3-dimethyl-2-[(2-
dimethylarsino)phenyl]imidazolidine, 82, (167 g, 0.60 mol) in 
dichloromethane (500 mL) and the mixture was vigorously stirred at 
room temperature for 30 min. The organic layer was then separated and 
the aqueous layer was extracted with dichloromethane (2x150 mL). The 
combined organic extracts were washed with water (300 mL), dried 
(MgS0 4 ), filtered, and evaporated. The yellow oil that remained was 
distilled: bp 82-84 °c (0.04 mm Hg), 116 g (93%). Anal. Calcd for 
C9 H11 As0: C, 51.5; H, 5.3. Found: C, 51.7; H, 5.1. 1 H NMR (CDC1 3 ) : cS 
10 . 24 (1 , s, CHO), 7.25-7.90 (4, m, ArH) , 1.17 (6, s, AsMe) . 13 C NMR 
(CD C1 3 ): cS 192.8 (CHO), 147.4, 138.4, 133.3, 133 .1, 130.8, 127 . 9 
-1 (Arc), 10.6 (AsMe) . IR (Neat) : 1690 cm (vC=O). 
2-(Dimethylarsino)benzenemethanol, 85 . A solution of 
2-(dimethylarsino)benzaldehyde , 84 (125 g , 0 . 60 mol) in methanol 
(900 mL) was treated with sodium borohydride (49 g , 1 . 3 mol) at room 
temperature for 3 h . After evaporation of the solvent the residue was 
treated with deoxygenated HC1 · (1 M, 2 L) and the mixture was 
extracted with dichloromethane (500 mL) . The organic layer was dried 
(MgS0 4 ) , filtered, and evaporated to give an oil . The pure prod~ct 
was obtained by distillation as a colourless oil with bp 76-78 °C 
(0.01 mm Hg) , 122 g (97%) . Anal . Calcd for C9 H13 As0 : C, 51 .O; H, 6.2; 
As , 35 . 3. Found : C, 51. 2 ; H, 6 . 2 ; As , 35 . 7 . 1 H NMR (CDC1 3 ) : cS 7 . 45-
7 . 05 (4 , m, ArH) , 4 . 70 (2, s , CH 2 0H) , 2 . 70 (OH) , 1 . 05 (6 , s , AsMe) . 
-1 IR (Neat): 3320 cm (v 0H) . 
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(±)-2-(Methylarsino)benzenemethanol, (±)-88. To a stirred 
solution of 2-(dimethylarsino)benzenemethanol, 85 (4 5 g, 0. 21 mol ) i n 
tetrahydrofuran (300 mL) at O °C, was added a solution of n-BuLi in 
hexane (142 mL of 1.5 M, 0.21 mol). After stirring for 1 h, the c l ear 
solution was added dropwise to a well stirred solution of sodium (9.8 
g, 0.43 mol) in liquid ammonia (500 mL). The resulting mixture was 
stirred for 1 h. To the residue , obtained on evaporation of the 
solvent, di ethyl ether (500 mL) a nd water (50 mL) (dropwise) wer e 
added. The layers were s eparated and the aqueous layer extracted with 
diethyl ether (2x200 mL). The combined organic extr acts were dried 
(MgS0 4 ), filtered, and e va porate d. The r esidua l yel low oil was 
distilled to give a pal e ye llow l i quid: bp 92-94 °C (0.0 8 mm Hg), 
39 g (93 %). Anal. Cal cd fo r C8 H11 As0 : C, 48 .5; H, 5 . 6 . Found: C, 
48.5; H, 5.5. 1 H NMR (CDC1 3 ) : 6 7 . 70-6 . 95 (4 , m, ArH) , 4.62 ( 2 , s , 
CH 2 0H), 3.54 (1, q , 3 J=6 . 8 Hz , AsH) , 3. 00 (OH ), 1. 21 ( 3 , d , 3 J= 6 . 8 
-1 Hz, AsM e ). IR ( Neat ): 3450 (v 0H) , 2110 cm (vAsH) . 
(± )- 2- [Methyl(2 - aminoethyl)arsino]benzenemethanol , (±) -79. 
(Method 1). To a stir r ed and cooled sol ution (0 °c) of (±) - 2-
(m ethylars i no)ben ze nemethanol, (±)- 88 (33 . 7 g , 0 . 17 mol ) in 
t et r ahydrofuran ( 250 mL) was · added a solution of n-BuLi inn- hexane 
(114 mL of 1. 6 M, 0 . 18 mol) . Af ter 15 min this mixture was added 
dr opwi s e to a s olution of sodium (4 . 2 g , 0 . 18 mol) in liquid am~onia 
(500 mL) . The r eaction mixture was vigorously stirred for 1 . 5 hand 
then a di ethyl ether solution of 2-chloroethanamine82 (1 . 7 eq ., 
( e xces s ) ) was added and stirring was continue-ct for a further 30 min . 
The r eaction mixt ur e was then evapor ated to dryness and treated with 
wat er (100 mL) an d dichloromet hane (500 mL) . The organic laye r was 
86 
separated, dried (MgS0 4 ) , filtered, and evaporated to a viscous oil, 
which upon distillation gave the product as an almost colourless oil 
with bp 146-148 °c (0 . 05 mm Hg), 32 .5 g (79%). Anal. Calcd for 
C
10
H
16
AsNO: C, 49.8; H, 6.7; As, 31 .1. Found: C, 49.8; H, 6.8; As, 
30.9. qH NMR (CDC1 3) : o 7.50-7.26 (4, m, ArH), 5.19 and 4.51 (2, AB 
q, 2J =11 .6 Hz, benzylic-CH 2), 2.73 and 2.19 (2, m, CH 2N), 1 .86 (2, 
-AB 
m, CH2As), 2 .63 (3, s, NH2,0H), 1.21 (3, s, AsMe). q-c NMR (CDCl3): 0 
146.5, 142.8, 131.2, 129.5, 128.9, 128.3 (ArC), 65.57 (CH 2OH), 40.0 
-1 (CH 2N), 33.0 (CH 2As), 8.43 (AsMe). IR (Neat): 3500-3200 cm (v08 and 
VNH ). 
2 
(Method 2) . In a typical reaction n-BuLi inn-he xane (114 mL 
of 1.6 M, 0 .1 8 mol) was adde d dropwise to a solution of tertiary 
arsine, 85 (38 g , 0.18 mol) in tetrahydrofuran (250 mL). After 15 min 
the mixture was added dropwise to a solution of sodium (8.3 g, 0.36 
mol) in liquid ammonia (500 mL) and stirring was continued for 5 h. A 
diethyl ether solution of 2-chloroethanamine82 (1 . 7 eq ., (excess)) 
was then added and the mixture was stirred for a further 30 min . The 
reaction mixture was worked up (as in Method 1) to give the product 
(±)-79 in 60% yi eld (26 g) . 
2.9.6 Resolution of C±) - 2-[Methyl(2- aminoethyl)arsi no]-
benzenemethanol, (±) -79 
Formation and Separation of Internal Diastereomers 
[ SP - 4 - 2- ( R ) , ( R ) J an d [ SP - 4 - 2 - 1 ( S ) , 2 ( R ) J - [ 1 - [ r - ( D i met h y 1 am i no ) e t h y 1 J -
--------------------------------------------------------------------
2-naphthalenyl-C 2 , N][2- [methyl(2-aminoethyl)arsino]benzenemethanol-
As,N]palladium(II) Hexafluorophosphate 2-Propanol Solvate , 
[R-(R*,R*)]-89 and [S- (R* , S*)]-89. A solution of C±)-2-[methyl(2-
aminoethyl)arsino]benzen em ethanol, (±)- 79 (15 g, 0 . 06 mol) in 
87 
methanol (50 mL) was added to a suspension of (R)-di -µ- chlorobis[1-
[1-(dimethylamino)ethyl]-2-naphthalenyl-C2,N]dipalladium(II), (R)-69 
(21 .2 g, 0.03 mol) in the same solvent (200 mL) , and the mixture was 
stirred until complete dissolution had occurred (ca . 1 hat 25 °c). 
An excess of NH 4 PF 6 (20 g) in water (250 mL) was added . After 30 min 
the granular white precipitate of the mixture of [S- (R* , S*)]- 89 and 
[R-(R*,R*)]-89 was filtered off and washed successively with water 
(2x100 mL), methanol-diethyl ether ( 1: 1 0 , 2x50 mL) , and diethyl ether 
( 1 0 0 m L ) . The d r i e d pr o du c t ( 4 2 . 3 g ) ha d [ a JD - 3 0 . 4 ° ( c 1 . 3 , M e 2 CO ) . 
The mixture was dissolved in the minimum amount of hot 
dichloromethane (150 mL), cooled (25 °C) and 2- propanol (25 mL) was 
added. The solution after standing at 20 °C for 2 days deposited 
crystals enriched in [B- (R* ,B*)] -89 (10g) , [a]D+71 ° (c 0 . 5 , Me 2CO) . 
The mother liquor was evaporated to dryness under reduced pressure , 
and the residue was dissolved in hot dichloromethane (100 mL) and 
diluted with 2-propanol (20 mL) . Upon standing at 20 °c the solution 
gave crystals enriched in [S-(R*,S*)]-89 (12 g) , [a]D-120° (c 0 . 5, 
Me 2CO) . This process was repeated to give additional crystalline 
material. The fractions enriched in [S-(R*,S*)]-89 were combined and 
given a final recrystallization from dichloromethane-2-propanol 
mixture. Similarly, the fractions enriched in [R-(R*,R*)]-89 were 
combined and given a final recystallization from the same solvents . 
[R-(R*,R*)]-89.[MeCH( e)OH] was thus obtained in 56% yield (13 g) 
with mp 148-150 °C and [a]D+87° (c 0 . 5, Me 2CO). Anal. Calcd for 
N, 3.9. 1 H NMR (CD 2Cl 2 ) : o 7 . 78-7 . 11, (8, m, -ArH), 7 . 13 (1, d , 3 J=8.3 
Hz, ArH) , 6 . 68 (1 , d, 3 J=8.3 Hz, ArH), 5 . 81 and 4. 87 (2 , AB q , 
2J =12.0 Hz, benzylic-CH 2), 4 . 41 (1 , q , 3 J=6 . 3 Hz , NCHMe) , 3 . 76 (1 , 
-AB 
m, 
3 J=6.1 Hz, CHOH) 3 .55- 3. 20 (2 , m, CH 2N, 2 . 92 (3 , s, NMe) , 2 . 90 (3 , 
88 
s, NMe), 2.50-2.21 (2, m, CH 2As), 3.15 and 1.75 and 1. 50 (4, br s, 
NH 2, OH), 1.85 (3, s, AsMe), 1.84 (3, d, 3 J=6. 3 Hz , NCHMe) , 1.15 ( 6 , 
d, 3 J=6.1 Hz, Me 2CH). 13 C NMR (CD 2Cl 2 ): o 150.3-1 23.6 (ArC), 73 .5 
( NC HM e ) , 6 4 . 6 ( CH 2 0 H ) , 5 2 • 7 ( NM e ) , 4 7 . 9 ( NM e ) , 4 2 . 0 ( C H 2 N ) , 3 2 . 4 
(CH2As), 25.4 (NCHMe), 7.9 (AsMe). IR (NUJOl): 3 580, 33 30, 32 40, 3160 
-1 (vOH' vNH), 840, 560 cm (vPF). [S-(R*,S*)]-89.[MeCH( Me)OH]: Total 
yield 66% (15.4 g), mp 155-158 °c. [a]D-134° (c 0.5, Me 2CO). An al. 
Calcd for C27H 40 AsF 6 N20 2PPd: C, 43.2; H, 5.4; N, 3 .7. Found: C, 42.9; 
H , 5 . 3 ; N , 3 • 8 • 1 H N MR ( CD 2 C 1 2 ) : o 7 . 7 4 - 7 • 1 4 ( 8 , m , Ar H ) , 7 . 1 7 ( 1 , d , 
3 J=8.3 Hz, ArH), 6.85 (1, d, 3 J=8.3 Hz, ArH), 5. 35 and 4.65 (2, AB q, 
2JAB=12.0 Hz, benzylic-CH 2 ), 4.40 (1, q, 3 J=6 . 6 Hz , NCHMe), 3 .76 (1, 
m, 3 J=6.2 Hz, CHOH), 3.45-2.96 (2, m, CH2N), 2 . 88 (3 , s, NMe), 2 .87 
(3, s, NMe), 2.75 and 1.70 and 1. 45 ( 4, br s, NH 2, 2 OH ), 2 .55- 2 .21 
(2, m, CH 2As), 2.07 (3, s, AsM e ), 1. 86 (3 , d , 3 J=6 . 6 Hz , NCHMe ), 1.15 
(6, d, 3 J=6.2 Hz, Me2CH). 13 C NMR (CD2Cl2) : 0 150 . 2- 123 . 6 (ArC), 73.7 
( NC HM e ) , 6 4 • 4 ( C H 2 0 H ) , 5 3 . 1 ( NM e ) , 4 8 . 0 ( NM e ) , 4 1 . 8 ( C H 2 N ) , 3 3 . 0 
( CH2As), 23 .8 ( NCHMe ), 7. 3 (AsMe) . IR (Nujol) : 3580 , 3330 , 3240 , 
- 1 
31 60, ( v OH , vNH), 84 0, 5 60 cm ( vPF) . 
[SP-4- 2- ( S), (S)] - an d [SP - 4- 2- 1(R) , 2(S)] - [ 1-[ 1-
(Dimethyl am ino )ethyl] - 2- naphthalenyl-C2,N][2-[methyl(2- aminoethyl)-
arsi no ] ben zen emethanol - As , N]palladium(II) Hexafluorophosphate 
2-Propanol Sol vate , [S- (R*,R*)]- 89 and [R- (R* , S*)] - 89. Compounds 
[S-(R*, R* )] -89 [a]D-87 ° (c 0 . 5 , Me 2 CO) and [R-(R* , S*)]- 89 [a]D+134° (c 0.5 , 
Me2CO) wer e obtained similarly from C±) -79 and (S)- 69. The 1 H NMR spectra 
of the compounds wer e i dentical with those of- the corresponding 
en antiomor phs. 
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2.9.7 Liberation of Optically Active Benzenemethanol Precursors, (R) -79 
and ( S)-79 . 
(R)-2-[Methyl(2-aminoethyl)arsino]benzenemethanol, (R)-79. A 
solution of the complex [S-(R* , S*)] -89 (4 . 3 g , 5.7 mmol) in 
dichloromethane (100 mL) was treated with 1 ,2-ethanediamine (2 mL, 
excess) at room temperature. After ca. 30 min , diethyl ether (200 mL) 
was added to the reaction mixture and the 1,2-ethanediamine complex 
(R)-90 was filtered off . The precipitate was washed with diethyl ether 
(2x50 mL) . The residue obtained after evaporation of the solvent from 
the combined filtrate was distilled to give pure (R)-79 as a viscous 
almost colourless oil with bp 160 °c (0 . 08 mm Hg) (Kugelrohr) , 1.35 g 
(Neat) spectra were identical to the respective spectra of the racemic 
product. 
(S)-2-[Methyl(2 - aminoethyl)arsino]benzenemethanol, (S)-79. 
The compound (S) -79 was obtained from the diastereomeric complex [R-
(R* , R*)]-89 by the method described above . The pure product was 
obtained as a viscous almost colourless oil upon distillation, 
bp 160 °C (0 . 08 mm Hg) (Kugelrohr) , 0.2 g (88%) . [a.] 0 +65° (c 4 . 0, 
CH 2 Cl 2 ) . The spectral data were identical with those of its 
en anti omor ph . 
2.9.8 Preparation of Optically Active Macrocycles 
[SP-4-2-1(S),2(R)]-[1-[1-(Dimethylamino)ethyl]-2-
- -
naphthalenyl-C 2 ,N ][2-[methyl(2-aminoethyl)arsino]benzaldehyde-
As,N]palladium(II) Hexafluorophosphate, [S-(R* , S*)]- 91. A solution of 
- -
-------------------------------------------------------
[S-(R* , S*)]- 89 (10 g , 13 . 3 mmol) in dichloromethane (500 mL) was 
90 
treated with BaMn0 4 (70 g, excess) at room temperature for 16 h. The 
solid was then filtered off, and the filtrate was dried (MgS0 4), 
filtered, and evaporated under reduc ed pressure to give a light 
yellow glass. This material crystallized from dichloromethane-
methanol mixture as pale yellow microcrystals with mp 153-155 °c 
(dee.), 8 g (87%). Anal . Calcd for C24 H30 AsF 6 N20PPd: C, 41 . 9; H, 4.4; 
N, 4.1. Found: C, 41 . 6; H, 4.5; N, 3.9 . [a]D-106° (c 0.5 , Me 2CO). 
1 H NMR (CD 2Cl 2 ): cS 9 . 98 (1 , s, CHO) , 8 . 01-6.85 (10 , m, ArH) , 4.38 (1, 
q, 3 J=6.2 Hz, NCHMe), 3.57-3.00 (2, m, CH 2N), 2.94 (3, s, NMe), 2 . 86 
(3, s, NMe), 2.51-1.92 (2 , m, CH 2As) , 2 .11 (3, s, AsMe), 1.80 (3, d, 
3 J=6.2 Hz, NCHMe), 3.15 (2, br s, NH2) . 13 C NMR (CD2Cl2) : cS 193.1 
(CH=O), 150.0-123.4 (Arc), 73 . 5 (NCHMe) , 52 . 7 (NMe), 47 . 9 (NMe), 42.1 
(CH 2N), 31 .0 (CH 2As), 23.7 (NCHMe), 7.7 (AsMe). IR (Nujol): 3350, 
-1 3290 ( vNH ) , 1690 ( vC=O), 840 , 560 cm ( vPF) . 
2 
[SP-4-2-(R),(R)]-[1-[1-(Dimethylamino)ethyl]-2-naphthalenyl-
------------------------------------------------------------
C2 ,N][2-[methyl(2-aminoethyl)arsino]benzaldehyde-As,N]palladium(II) 
- - - -
------------------------------------------------------------------
Hexafluorophosphate, [R-(R*, R*) ]-91. Compound [R - (R *, R*) ]-91 was 
--- ---
------------------------------------
obtained by BaMn0 4 oxidation of the corresponding diastereomeric 
complex, [R-(R*,R*)]-89 (2 g, 2 .7 mmol) , as described above : mp 168-
1 70 ° C, 1 • 7 g ( 93 % ) • [ a JD+ 31 ° ' ( ~ 0 . 5, Me 2 CO) . Anal . Cal cd for 
C24 H30 AsF 6 N20PPd: C, 41.9; H, 4 . 4 ; N, 4 .1. Found: C, 42 .0; H, 4 .5; N, 
4 .0. 1 H NMR (CD 2Cl 2 ): cS 10.15 (1, s, CHO) , 8 .1 3-6.54 (10 , m, ArH) , 
4.40 (1, q, 3 J=6.2 Hz, NCHMe) , 3 . 50-2 . 90 (2, m, CH 2N) , 2 . 93 (3 , s , 
NMe) , 2 . 86 (3 , s, NMe), 2 .51-2. 00 (2, m, CH 2As), 1.89 (3, s, AsMe) , 
1.84 (3 , d, 3 J=6.2 Hz, NCHMe), 3 . 20 (2, br s,- NH2) . 13 C NMR (CD2Cl2): 
cS 193 . 2 (CH=O), 150 . 0-123.6 (ArC), 73.6 (NCHMe), 52.8 (NMe), 48.2 
(NMe), 42.3 (CH 2N), 30 . 9 (CH 2As), 24 . 2 (NCHMe), 9.1 (AsMe) . IR 
-1 (Nujol): 3350, 3290 CvNH), 1690 (vC=O), 840, 560 cm (vPF) . 
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[SP -4- 2-(S) ,(S)]- and [SP-4-2-1(R),2(S)]-[1-[1-
-----------------------------------------------
(Dimethylamino)ethyl]-2-naphthalenyl-C 2 ,N][2-[methyl(2-
------------------------------------------------------
aminoethyl)arsino]benzaldehyde-As,N]palladium(II) 
-------------------------------------------------
Hexafluorophosphate, [S-(R*, R*) ]-91 and [R-(R*, S*) ]-91. Compounds [S-
-------------------------------------------------------
(R*,R*)]-91 [a]D-31 ° (c 0.5, Me 2 C0) and [R-(R*,S*)]-91 [a]D+106° (c 
0 .5, Me 2 CO) were obtained by BaMn0 4 oxidation of [S-(R*,R*)]-89 and 
[R-(R*,S*)]-89, respectively . The NMR spectra were identical with 
those of their enan tiomorphs. 
[SP-5-12-1[S-(R*,R*)],3(R)]-[1-[1-(Dimethylamino)ethyl]-2-
----------------------------------------------------------
naphthalenyl-C 2 ,N][7,8,9,16,17,18-hexahydro-9,18-dimethyl-
- -
---------------------------------------------------------
dibenzo[e,1][1 , 8 ,4,11 ]diazadiarsacyclotetradecine-
--------------------------------------------------
As 9, As 1 8 ,N 6 ]palladium(II) Hexafluorophosphate, [S- (R*, R*, S*) ] -92. 
-----------------------------------------------------------------
(Method 1). N,N'-Dimethyl-1 ,2-ethanediamine (1 . 5 g , 18 mmol) was 
added to a solution of [S-(R*,S*)]-91 (12 . 5 g , 18 mmol) in 
dichloromethane (250 mL) (over molecular sieves , 3 A) and the mixture 
was stirred at room temperature for 10 h. The solution was then 
filtered, evaporated to dryness , and the residue dried in vacuo 
overnight. The resulting yellow solid recrystallized from methanol-
dichloromethane mixture as yellow crystals (5.62 g). The mother 
liquor upon concentration yielded additional crystalline material 
(0.87 g). The pure compound had mp 230-234 °C (dee . ), 6 . 5 g (80%). 
4 6 . 1 ; H , 4 . 6 ; N , 4 . 7 . [ a ] D - 1 4 2 . 8 ° ( c 0 . 5 , CH 2 C 1 2 ) • 1 H N MR ( C D 2 C 1 2 , - 2 0 
°C): 6 8 . 65 (1, s , CH=N) , 8 . 45 (1 , s , CH=N) , 7 . 77-7.06 (14, m, ArH), 
4. 38-4.21 and 3 . 98-3 . 68 (4 , m, CH 2 N) , 4 . 20 (1 ., q , 3 J=6 . 3 Hz , NCHMe) , 
2 . 69 (3, br s, NMe) , 2 . 56 (3 , br s, NMe) , 2 . 33-1 . 85 (4 , m, CH
2
As) , 
1.51 (3 , d, 3 J=6 . 3 Hz, NCHMe) , 1.49 (3 , s, AsMe), 1.29 (3 , s , AsMe). 
92 
1 H NMR (CD 2 Cl 2 ) (25 °C): o 8.59 (2, br s, CH=N), 7.73-7.08 (14, m, 
ArH), 4.93-3.66 (4, m, CH 2 N) , 4.20 (1, q, 3 J=6.4 Hz, NCHMe), 2.65 (6, 
s, NMe 2 ), 2.39-1.86 (4 , m, CH 2 As), 1.54 (3, d, 3 J=6.4 Hz, NCHMe), 
-1 1.43 (6, bs, AsMe). IR (Nujol): 1640, 1635 CvC=N), 840, 560 cm 
CvPF). 
(Method 2). To a suspension of the resolving agent, (R)-69 
(20 g, 0.03 mol) in methanol (500 mL) was added the diimine (R*,S*)-
74 (26 g, 0.06 mol) and TFAH (1 mL). The resulting mixture was 
stirred at room temperature until the solids had dissolved (2 days). 
The bright orange solution was then filtered and a solution of NH
4
PF
6 
(15 g, excess) in water (40 mL) was added dropwise with stirring. 
After 1 h, water (500 mL) was added and the resulting bright yellow 
precipitate of the diastereomeric mixture was filtered off, washed 
with water (500 mL) , methanol-diethyl ether (1 :1 0, 50 mL) and diethyl 
ether (150 mL). The diastereomeric mixture was finally dried under 
high vacuum for 4 h to give 51 g (98%) of product . Fractional 
recrystallization from methanol-dichloromethane mixture gave pure [S-
(R*,R) ,R]-92 as yellow cubes (21 g, 80%). The spectral data and other 
properties were identical with the corresponding material obtained 
from the previous method. 
[SP-5-12-1[R-(R*,R*)],3(S)]-[1-[1-(Dimethylamino)ethyl]-2-
----------------------------------------------------------
naphthalenyl-C 2 ,N][7,8,9, 16,17,18-hexahydro-9,18-dimethyl-
---------------------------------------------------------
dibenzo[e,1][1 ,8,4,11 ]diazadiarsacyclotetradecine-
--------~-~---------------------------------------
As 9 ,As 18 ,N 6 ]palladium(II) Hexafluorophosphate, [R-(R*,R*,S*)]-92 . 
-----------------------------------------------------------------
Compound [R-(R*, R*, S*) ]-92 was prepared similarly from [R-(R*, S*) ]-91 
(Method 1) or from (R*,S*)-74 and (S)-69 (Method 2) . It had mp 230-
234 °c and [a]0 +142° (c 0.5, CH 2 Cl 2 ) . The spectral data were 
identical with those of its enantiomorph [S-(R*,R* ,S*)]-92. 
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[TB-5-34-1[R-(R*,R*)],3(S)]-[1-[1-(Dimethylamino)ethyl]-2-
---------------------------------------------------------
naphthalenyl-C 2 ,N][7,8,9,16,17,18-hexahydro-9,18-dimethyl-
- -
dibenzo[e,1][1 , 8 , 4,11 ]diazadiarsacyclotetradecine-
As9,As18,N6]palladium(II) Hexafluorophosphate Hemiacetone Solvate , 
------------------------------------------------------------------
[R-(R*,R*,S*)]-93. Compound [R-(R*,R*,S*)]-92 (20 g, 0.02 mol) was 
recrystallized from hot acetone (500 mL) to give [R-(R*,R*,S*)]-93. 
C , 4 6 . 3 ; H , 4 . 7 ; N , 4 . 6 . F o un d : C , 4 6 . 6 ; H , 4 . 8 ; N , 4 . 3 . [ a ] D + 1 3 3 ° 
of the yellow form except for the presence of acetone . 
-1 IR (Nujol): 1650, 1630 (vC=N), 1720 (vC=O), 840, 560 cm (vPF). 
[TB-5-34-1[S-(R*,R*)],3(R)]-[1-[1-(Dimethylamino)ethyl]-2-
- - -
naphthalenyl-C 2 ,N][7,8,9,16,17,18-hexahydro-9,18-dimethyl-
dibenzo[e,1][1,8,4,11 ]diazadiarsacyclotetradecine-
As 9,As 18 ,N 6]palladium(II) Hexafluorophosphate Hemiacetone Solvate, 
------------------------------------------------------------------
[S-(R*,R*,S*)]-93. Compound [S-(R*,R*,S*)]-93 was similarly obtained 
by recrystallization of [S-(R*,R*,S*)]-92 from hot acetone : [a]D-133° 
(c 0 . 5, CH 2 Cl 2 ). The spectral data were identical with those of 
enantiomorph [R-(R*,R*,S*)]-93. 
[SP-4-2-(R)]-[1-[1-(Dimethylamino)ethyl]-2-naphthalenyl-
--------------------------------------------------------
C2 ,N][N,N ' -dimethyl-1 ,2-e thanediamine-N,N']palladium(II) 
------------------------------------------------------
Hexafluorophosphate , (~)-95 . The mother liquor, after isolating [S-
(R*,R*,S*)]-92, was evaporated to dryness and the residue was 
redissolved in dichloromethane (10 mL) and the solution was diluted 
with diethyl ether (50 mL) to give a pale yellow precipitate. This 
material recrystallized from dichloromethane-diethyl ether mixture as 
a microcrystalline solid with mp 201-202 °c (dee.), 3 . 17 g (65%). 
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4 0. 3 ; H , 5. 1 ; N , 7 . 7. [a] D - 5 8 ° ( ~ 0 . 5, CH 2 C 1 2 ) • 1 H N MR (CD 2 Cl 2 ) : o 
7.55-7.12 (6 , m, ArH) , 4 . 20 (1 , q, 3 J=6.5 Hz , CHMe) , 2 . 90 (2 , br s, 
NH), 2.50-2.80 (12 , m, Me) , 1 . 86 (3, d , 3 J=6.5 Hz , NCHMe) (methylene 
protons were obscured by the NMe protons) . IR (Nujol) : 3320 (vNH) , 
-1 840, 540 cm (vPF). 
This material compared well with an authentic sample 
prepared by the following method from (R) -69 and N, N'-d imethyl -1 ,2-
ethanediamine. AgN0 3 (220 mg, 1 . 3 mmol) dissolved in acetonitrile (5 
mL) was added to a stirred solution of (R) -69 (500 mg, 0.7 mmol) in 
dichloromethane (25 mL) . The resulting mixture was stirred in the 
dark for 15 min and the AgCl precipitate was filtered off . A solution 
of N,N'-dimethyl-1 , 2-ethanediamine (130 mg, 1 . 48 mmol) in 
acetonitrile (5 mL) was then added dropwise to the stirred filtrate. 
After the addition was complete the solvent mixture was removed under 
reduced pressure and the residue was dissolved in hot methanol (50 
mL) . The solution was filtered and aqueous H4 PF 6 (2 g, in 5 mL) added 
to give a pale yellow precipitate . The precipitation was completed by 
the addition of water (150 mL) . The product was filtered off and 
dried to give a pale yellow powder . Recrystallisation from 
dichloromethane-diethyl ether mixture gave the pure compound as a 
pale yellow microcrystalline solid : 700 mg (88%) . 
[R-(9R*,18R*)]-(-)-7, 8 ,9, 16, 17 , 18- Hexahydro-9 , 18- dimethyl -
----------------------------------------------------------
d i be n zo [ e , 1 J [ 1 , 8 , 4 , 1 1 ] d i a za di a rs a c y c 1 o t et rad e c i n e , [ R- ( R * , R * ) ] - 7 4 . To 
- - -
------------------------------------------------------------------
a stirred solution of [S-(R* , R* , S*)]-92 (4 . 95 g, 5 . 5 mmol) in 
dichloromethane (100 mL) was added (R* , R*)-(±)-1 , 2-
- -
phenylenebis(methylphenylphosphine) (1 . 78 g , 5.5 mmol) in small 
portions at room temperature . After 30 min, diethyl ether (150 mL) 
was added and the resulting precipitate of the diphosphine complexes 
95 
was filtered off and the solid was washed with diethyl ether (50 mL) . 
The filtrate and the washings were combined and slowly concentrat ed 
under reduced pressure to give the product as cubic crystals with mp 
6.3. Found: C, 54.7; H, 5.4; N, 6.5. [a]D-99.8° (c 0.5, CH 2Cl 2 ). 
1 H NMR (CDC1 3): o 9.00 (2, d, 4 J=1 .5 Hz, CH=N) 7.56-7.00 (8, m, ArH), 
4.30 (2, m, CH 2N), 3.69 (2, m, CH 2N), 2.39 (2, m, CH 2As), 1.95 (2, m, 
CH2As), 1.22 (6, s, AsMe) . 13C NMR (CDCl3): 0 ~60.9 (C5,c14)' 143.1, 
139.1, 131.1, 130.2, 127.6, 126.8 (ArC), 60.2 (c 7 ,c 16 ), 32.0 
-1 (c8 ,c 17 ), 8.6 (AsMe). IR (Nujol): 1635 cm (vC=N). Mass Spectrum m/e 
+ + 442 [M] , 427 [M-Me] . Mol . Wt . (Osmometry, CH 2Cl 2 ): Found 434. 
Cacld. 442. 
[S- (9R* ,1 8R*)] -(+)-7, 8 ,9,16,17,18-Hexahydro-9,1 8-dimethyl -
dibenzo[e ,!][1 , 8 , 4,11 ]diazadiar sacyclotetradecine, [S-(R*,R*)]-74. 
This compound was obtained from [R- (R* ,R*,S*)] -92 by a method similar 
to the one described above : mp 173 °c , 2 g (90%) . Anal . Calcd for 
[R-(9R* , 18R*)]-(-)-5, 6 , 7 , 8 , 9 , 14 , 15 , 16 , 17 , 18-Decahydro-9 , 18-
- - -
dimethyl-dibenzo[e , 1][1 , 8 , 4 , 11 ]diazadi arsacyclot etradec ine, [R-
(R*,R*)]-75. To a stirred suspension of LiAlH 4 (700 mg , 18.4 mmol) in 
tetrahydrofuran (200 mL) at O °C was added diimine [R-(R* , R*)] -74 (4 
g, 9 mmol) in small portions . The resulting mixture was heated under 
reflux for 1 h , cooled to O °C, and the excess LiAlH 4 was decomposed 
by addition of wat er (0 . 7 mL) , 4N NaOH (0 . 7 mL) , and water (2 . 1 mL) . 
Anhydrous MgS0 4 (2Og) was added to this mixture, which a ft er 20 min 
was filtered and the solid washed with tetrahydrofuran (2x5O mL) . The 
combined washings and the filtrate were evaporated under reduced 
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pressure to give a viscous oil. This material was purified by flash 
chromatography on basic alumina, activity 90, with methanol-
dichloromethane (1:99)) as eluent, 4 g, (99%). Anal. Calcd for 
C 2 0 H 2 8 As 2 N 2 : C , 5 3 . 8 ; H , 6 . 3 . Found : C , 5 3 . 8 ; H , 6 . 5 . [ ex] D - 2 9 8 ° ( c 
0 . 5 , CH 2 C 1 2 ) • 1 H N MR ( CDC 1 3 ) : o 7 . 4 8-7 . 0 7 ( 8 , m , Ar H ) , 4 . 4 0 and 3 . 4 2 
(4, AB q, 2 JAB=11 .5 Hz, benzylic-CH 2 ), 2.92-2.59 (4, m, CH 2 N), 2.17-
1.84 (4, m, CH 2 As), 1.16 (6, s, AsMe). 13 C NMR (CDC1 3 ): o 144.0, 
141.5, 132.9, 130.0, 128.5, 127.5 (ArC), 54.5 (c5 ,c 14 ), 46.8 
-1 (c 7,c 16 ), 30.5 (c 8,c 17 ), 9.5 (AsMe). IR (Neat): 3250 cm (\)NH). Mass 
+ + Spectrum m/e 446 [M] , 431 [M-Me]. This material was crystallized 
from chloroform as [R-(R*,R*)]-75.2CHC1 3 with mp 55 °c. Anal. Calcd 
36.9; H, 4.4; N, 3 .8; Cl, 24.8 . [cx]0-190° (c 0 .5, CH 2 Cl 2 ) . Mol . Wt. 
(Osmometry, CH 2 Cl 2 ): Found 668 . Cacld 685. The 1 H NMR spectrum (CDC1 3 ) 
of this material was identical to that of the non-solvate. 
[S-(9R* ,1 8R*)]-(+)-5,6,7,8,9,14, 15, 16,17,18-Decahydro-9,18-
-----------------------------------------------------------
dimethyl-dibenzo[e,!][1 , 8 ,4,11 ]diazadiarsacyclotetradecine , [S-
---------------------------------------------------------------
(R*,R*)]-75. This compound was prepared in a similar way to its 
enantiomorph: [cx] 0+298° (~ 0.5, CH 2 Cl 2 ) . [S-(R*,R*)]-75 . 2CHC1 3 : 
[cx]0 +190° (~ 0 . 5, CH 2 Cl 2 ), mp ,55 °C. The spectra were identical with 
those of its enantiomorph . 
2.9.9 Optically Active Monomers 
(R)-2,3-Dihydro-1-methyl-4 ,1- benzazarsepine, (R)-97. A 
----------------------------------------------------
solution of optically active diimine [R-(R*,R*)]-74 (200 mg , 0 . 45 
mmol) in dichloromethane was treated with TFAH (0.01 mL) . After one 
day the solvent was removed under reduced pressure to obtain a yellow 
97 
liquid , which could not be isolat ed be cause of rearrangement to dimer 
[R-(R* , R*)]- 74. The spectral data were identical with those of the 
racemic product . 
(S) - 2 , 3-Dihydro-1-methyl - 4 , 1-benzazarsepine, (S)- 97. 
----------------------------------------------------
This compound was prepared from [S-(R* ,R* )]- 74 as described above . 
(R)-( - )-2 , 3 , 4,5-Tetrahydro- 1-methyl - 4 ,1-benzazarsepine , (R) -
98. A solution of [R-(R* , R*)]-74 (200mg , 0 .45 mmol) in diethyl ether 
(50 mL) was heated under reflux in the presence of TFAH (0 . 01 mL) for 
1 day . This solution was then added dropwise to stirred suspension of 
LiAlH 4 (100 mg , excess) in diethyl ether (100 mL). The resulting 
mixture was boiled for 1 hand excess LiAlH 4 was de composed by 
add i tion of water (0 . 1 mL) , 4N Na0H (0. 1 mL) and wat er (0. 3 mL). The 
sol id was filt er ed off and washed with di ethyl et he r (2x50 mL) . The 
fil trate was evapor a ted under reduce d press ur e to leave a vi s cous 
oil, whi ch upon distillation gave the pur e pr od uct as a colourles s 
li qu id with bp 115 °c (0 . 04 mm Hg) (Kugelrohr) , 150 mg (75%) . 
[a ]0-1 04 ° (c 1 . 3 , CH 2 Cl 2 ) . The s pectral data were iden ti cal with 
those of t he racemi c com poun d (±) -98 . 
(S) - ( +) - 2 , 3 , 4 , 5- Tetrahydro- 1- methyl - 4 , 1- benzazarsep i ne , (S) -
98. This com pound was obtained from [S- (R* , R*)] -75 by a method similar 
to the one des cr i be d above . The product had bp 115 °c (0 . 04 mm Hg) 
(Kuge lrohr ) and [a]0+104° (c 1 . 2 , CH 2 Cl 2 ) . The spectral data were 
identical with t hose of racem i c compound (±) -98 . 
98 
2.9.10 Preparation of Macrocyclic Complexes 
[SP-4-1-(R*,S*)]-[7,8,9,16,17,18-Hexahydro-9,18-dimethyl-
---------------------------------------------------------
dibenzo[e,1][1 ,8,4,11 J diazadiarsacyclotetradecine-
---------------------------------------------------
As 9 ,As 18 ,N 6 ,N 15 ]palladium(II) Dihexafluorophosphate, [Pd{(R*,S*)-
-----------------------------------------------------------------
treating [PdC1 2 ] (200 mg, 1 .13 mmol) with excess LiCl (1g) in 
methanol (50 mL). This was added dropwise to a suspension of diimine 
(R*,S*)-74 (500 mg , 1 .1 3 mmol) in dichloromethane (100 mL). The 
- -
resulting mixture was stirred at room temperature for 1 h, filtered, 
and the filtrate was evaporated to dryness under reduced pressure. 
The residue was dissolved in methanol (50 mL) and an excess of NH
4
PF
6 
(4g) in water (5 ml) was added to produce a white precipitate. The 
precipitation was completed by the addition of water (100 mL). The 
product was filtered off and washed with water (2x50 mL), methanol-
diethyl ether (1:10, 2x10 mL), and diethyl ether (2x20 mL). This 
solid was recrystallized from aqueous acetone to give fine needles 
with mp 250 °C (dee . ) , 650 mg (68%) . Anal. Calcd for 
N, 3.1. 1 H NMR (DMS0-d 6 ): 6 8 . 90 (2, s, CH=N) , 8.40-7.75 (8, m, ArH), 
4.63-4.23 (4, m, CH 2 N), 3 . 24-2 . 68 (4, m, CH 2 As), 2 . 06 (6, s, AsMe) . 
13 C NMR (DMSO-d5): 6 170.6 (C5 and c14), 137 . 9, 133.8, 133.5, 132.1, 
1 2 7. 4 ( Arc ) , 65 . 6 cc7 ,c 16 ), 25.7 cc 8 ,c 17 ) , 
-1 840 , 560 cm (vPF). 
1 3 . 3 ( A sM e ) . I R ( KB r ) : 
[ SP - 4- 1 - ( R *, S *) ]- [ 5 , 6 , 7 , 8 , 9 , 1 4 , 1 5, 1 6-, 1 7, 1 8-D e ca hydro- 9 , 1 8-
----------------------------------------------------------
dimethyl-dibenzo[e,1][1 ,8,4,11]diazadiarsacyclotetradecine-
-----------------------------------------------------------
As 9 , As 18 ,N 6 , N1. 5 ]palladium(II) Dichloride , [Pd{(R* ,S* )- 75} ]Cl
2
• 
--------------------------------------------------------------
A solution of Li 2 [PdC1 4 ] generated in situ by treating [PdC1 2 ] (235 
99 
mg, 1.33 mmol) with an excess of LiCl (1g) in methanol (25 mL) was 
added dropwise to a solution of (R*,S*)-75 (589 mg, 1 . 32 mmol) in the 
same solvent (100 mL). After 1 h the resulting white precipitate was 
filtered off washed with methanol (2x25 mL) and diethyl ether (2x25 
mL). This solid upon recrystallization from aqueous acetone formed 
microcrystals with mp 234-236 °C, 535 mg (65%). Anal. Calcd for 
C 2 0 H 2 8 A s 2 C 1 2 N 2 Pd : C , 3 8 . 5 ; H , 4 . 5 ; N , 4 . 5 . F o un d : C , 3 8 . 7 ; H , 5 . 0 ; N , 
4. 3. 
[SP-4-1-(R*,S*)]-[5,6,7,8,9,14,15,16,17,18-Decahydro-9,18-
dimethyl-dibenzo[e,l] [1 ,8,4,11 ]diazadiarsacyclotetradecine-
As 9 , As 1 8 , N6 , N1 5 ]palladium ( II) D ihexafl uorophosphate, [ Pd { ( R *, S*)-
75}] ( PF 6) 2 . To a solution of [Pd{(R*,S*)-75}]Cl 2 (250 mg, 0 . 4 mmol) 
in hot (50 °C) water (20 mL) was added a solution of NH 4 PF 6 (1 g , 
excess) in water (20 mL). The resulting white precipitate was 
filt ered off, washed with water (2x20 mL), aqueous methanol (10 mL), 
and diethyl ether (2x20 mL). This material was recrystallized from 
dichloromethane-acetone mixture : mp 248-249 °c , 260 mg (79%). Anal . 
H, 3.5; N, 3 .3. 1 H NMR (DMSO-d 6 ): o 8.02-7.53 (8, m, ArH) , 6.60 (2, 
br s , NH) , 4 .40-4.1 8 (4 , m, benzylic -CH 2 ), 3 .70-3 . 20 (4, m, CH 2 N) , 
2.52-2.30 (4, m, CH 2 As), 1.97 (6 , s, AsMe) . IR (Nujol) : 3240 (vNH), 
-1 840, 560 cm (vPF). 
[SP-4-1- [R-(R*,R*)]]-[5,6 , 7 , 8 , 9,14 ,1 5,1 6 , 17,18-Decahydro-
9,18-dimethyl-dibenzo[e ,!][1 ,8,4,11 ]diazadiarsacyclotetradecine-
---------------------------------------------------------------
As 9 , As 1 8 , N6 , N15 ]palladium(II) Dihexafluorophosphate , [Pd{[S-(R*, R*) ]-
---------------------------------------------------------------------
------------------~·-------
mmol) was placed in methanol (350 mL) and a solution of Li 2 [PdC1 4 ] 
1 00 
(from [PdC1 2 ] (238 mg , 1 . 35 mmol) and excess LiCl (1g)) in the same 
solvent (75 mL) was added dropwise. After stirring the r esulting 
solution at room temperature for 30 min, it was filtered and an 
excess of NH 4 PF 6 (4g) in water (20 mL) was added dropwise to the 
filtrate. The solvent was then evaporated , and the residue was washed 
with water (2x100 mL) . The solid was dried and recrystallized from 
diethyl ether-2-butanone mixture to give fine needles with mp 233- 23 4 
C, 29.3; H, 3.5; N, 3.3. Found: C, 29~1; H, 3 . 4; N, 3.1. [a] 0-171° (c 
0.3, Me 2 CO). 1H NMR (DMS0-d 6): o 7.82-7.40 (8, m, ArH), 4.34-4.12 (4, 
m, benzylic-CH 2 ), 3.25-2.95 (4 , m, CH 2 N) , 2 . 40-2 . 10 (4, m, CH 2 As ) , 
-1 2.04 (6, s, AsMe). IR (Nujol): 3250 (vNH), 840 , 560 cm (vPF). 
[SP-4-1-[S-(R*,R*)]]-[5,6,7,8,9,14,15,16,17,18-Decahydro-
9,18-dimethyl-dibenzo[e,1][1 , 8 , 4,11 ]diazadiarsacyclotetradecine-
As9,As18,N6,N15]palladium (II) Dihexafluorophosphate , [Pd{[R- (R*,R*) -
- - -
[R-(R*,R*)]-75 (400 mg, 0 . 9 mmol) as described above : mp 233- 234 °c 
C, 29.3; H, 3 .5; N, 3 . 3 . Found : C, 29 .1; H, 3 . 6 ; N, 3.0. [a] 0+772° (c 
0.5, Me 2 CO). The spectra were . identical with those of its 
enantiomorph. 
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CHAPTER THREE 
3 .1 Introduction 
Over the past twenty five years a variety of macrocycles 
containing a pair of oxygen and nitrogen, or sulfur and nitrogen, 
. 3 4 5 83 donors have been synthesised. ' ' ' As detailed below, cis- and 
trans-0 2 N2 and -S 2 N2 macrocycles have been isolated and subsequently 
used in metal-ion coordination studies. 6 ' 84 These studies have 
revealed that both the choice of donor atoms and the geometric 
arrangement they adopt have a marked effect on the properties of the 
bound cation. 
3.1.1 Cis-0 2 N2 Macrocycle Systems 
Macrocycles containing oxygen and nitrogen with a cis 
arrangement of like donors linked by alkyl chains have been 
extensively studied. 10 The preparations of these ligands involved the 
reaction of polyether ditosylates with an appropriate diamine . 85 
Compounds, 102 and 103, are typical examples . 
1/ 
102 103 
102 
86 Lindoy et al . have prepared a series of structurally 
related diimine macrocycles with a cis-0 2 N2 arrangement of donors via 
the non-template cyclisation of suitable dialdehydes with diamines . 
Compounds 104 and 105 are selected examples. Nickel(II) complexes of 
these ligands were prepared by treating the free ligand with a 
~ ~ 
N _N N_ 
0 0 
V 
104 105 
solution of the metal salt or by an in situ reaction of the 
· 86 dialdehyde and the diamine in the presence of a metal ion . The 
corresponding diamine nickel(II) complexes , for example 106 and 107, 
(c!J 
N~I? w NZl 7 Ni Ni 
/ "' / " o~o o~o 
-
Br 
106 107 
were subsequently obtained by NaBH 4 reduction of the diimine 
complexes, and their structures were established by X-ray 
87 88 
crystallography. ' 
103 
3.1.2 Trans-0 2 N2 Macrocycle Systems 
Trans-0 2 N2 macrocycles of the type 108 and the tricyclic 
89 
macrocycle 109 have been reported. 
0 0 
108 109 
The preparation of the trans - diimine macrocycles 110 90 and 
111 91 involved the metal templ ate cyclisation of the appropri ate 
bis(N-2-iodoethylsalicylaldi minato)nickel(II) cation. The free ligand 
R 
110 , R=H 
111, R=OMe 
/\ 
_ N 0 R 
0 
\__J 
110 was obtained in low yi eld by treatment of the iodide complex with 
ethylenediaminetetracetic acid (EDTA). 90 It was also reported that 
the corresponding bis(N-3-iodopropyl sali cylal diminato )nickel(II) 
cation precursor to the sixteen-membered ring failed to cyclise under 
1 04 
similar conditions. The macrocycle 110 thermally rearranged into the 
corresponding monomeric species. The structures of [Ni(110)I
2
J91 and 
[Ni(111)I 2 J92 have been determined by X-ray crystallography. 
Complexes [Ni(110)I 2 ] and [Ni( 111)I 2 ] displayed trans-octahedral and 
cis-octahedral geometries , respectively. 
3.1.3 Cis-S 2 N2 Macrocycle Systems. 
Since the synthesis of the cis-S 2 N2 nickel(II) complex, 2, 
by Busch et a1. 16 with the use of a metal template (Section 1.2), a 
variety of other cis-S 2 N2 macrocycles have been synthesized. For 
example, the nickel(II) complex of macrocycle 112 was prepared 93 and 
was subsequently reduced to the corresponding diamine nickel(II) 
complex. 94 The liberation of the free diamine 113 from the complex 
was achieved in ca . 85 % yield by treatment with aqueous sodium 
cyanide. The macrocycle was obtained as an oil that was subsequently 
crystallized as a dihydrochloride salt. The ligand 113 has been used 
r"l 
s s 
u 
112 113 114 
to investigate complexation, dissociation, and metal-metal exchange 
reactions with nickel(II) and copper(II) ions. The preparation of the 
nickel(II) complex of the macrocycle 114 was also reported . 95 
Nickel(II) complexes of the fourteen-membered diimine 
96 
macrocycles 115 and 116 have been prepared in situ by the reaction 
of nickel(II) perchlorate with 2,2'-[1 , 2-ethanediylbis(thio)]bis-
(benzaldehyde) and stoichiometric amounts of 1 ,2-ethanediamine or 
105 
/\ 
-N N- N 
1/ s s 
\_/ 
115 116 
1 , 2-benzenediamine , respectively . Molar conductivity and magnetic 
studies suppor ted the assignment of square - pl anar structures to the 
two compl exes . Recently , Lindoy e t a l . prepar ed macrocycl es 117 , 118 
and 119 by non-t emplate c yclisations . 97 Equimol ar amounts of 1,2-
ethanediamine or 1 , 3-pr opanedi amine and the a ppropriate dialdehyde 
s ) s ( s 
s s NH s 
117 118 119 
wer e r eacted i n dry methanol to give di-Schiff base macrocycles , 
which wer e then reduced to the corresponding saturated compounds 
117- 11 9 . These macrocycles were isolated as hygroscopic 
dihydrochloride sal t s in mode r ate yields . Treatment of the 
dihydro chloride salts with ba s e ga ve the f ree diami nes as oil s. 
The r espe cti ve ni c ke l (II) complexes of the reduced 
) 
106 
macrocycles were prepared in high yield by treating 117-119 with 
[Ni(H 2 0) 6 ]Cl 2 in hot methanol or n-butanol. The physical data on the 
complexes suggested octahedral cations with structures relat ed to 
those of previously known bivalent nickel(II) halide derivatives of 
fifteen- and sixteen-membered cis-0 2 N2 macrocycles, 106 and 
10187 , 88 csection 3.1.2 ) , where X-ray crystallographic studies 
confirmed trans-pseudooctahedral geometries with axially coordinated 
halide ligands. It has also been found that the labilities of the 
cis-S 2 N2 macrocyclic metal complexes were intermediate between those 
f th . 0 N d th N d 1 . . 98 Th k · t . o e c1s- 2 2 an e 4 - onor macrocyc 1c species. e 1ne 1cs 
2+ 
of dissociation of [Ni(118)] were found to obey two consecutive 
first-order reactions with acid dependence, which was attributed to 
dissociation of the sulfur donors. 
The deep red-purple diamagnetic nickel(II) perchlorate 
complex 120 was prepared by a template condensation reaction 
(1 
s s 
~+/ 
Ni 
N/ "'N 
I ~ ! l 
\ I N 
-
,,, 
120 121 
involving 1, 1-[1 , 3-propanediylbis(thio-2 , 1-phenyl ene)]bis(hydrazine) 
and formaldehyde. The stereochemistry of 120 -was established by X-
ray crystallography , with a planar arrangement of the cis-S 2 N2 donor 
set around the metal ion being found in the solid state . 99 
107 
The quadridentate acyclic ligand 1 ,9-bis(tritylthio)-3,7-
diazanonane reacts with nickel(II) salts with spontaneous 
detritylation to give black, diamagnetic, trinuclear derivatives, 
which react with 1,2-bis(bromomethyl)benzene in methanol solution to 
98 produce blue octahedral nickel(II) derivatives of macrocycle 121. 
The twelve-, fourteen-, and sixteen-membered polyalkyl cis-
S2N2 macrocycles 122, 123, and 124, respectively, have been prepared 
by use of high dilution cyclisation conditions. 100 The diacid 
chlorides of 2,2'-[1 ,2-ethanediylbis(thio)]bis(acetic acid) , 3,3'-
-- --
[1 ,3-ethanediylbis(thio)]bis(propanoic acid), and 3,3'-[1 ,3-
propanediylbis(thio)]bis(propanoic acid) were treated at -5 to 0 0 c 
-- --
with the appropriat e diamine in a high dilution apparatus to obtain 
(I 
S HN 
Cs HN) 
u 
s HN 
C ) 
s HN 
V 
122 123 124 
the cyclic diamides in 32 to 64% yield. These amides were 
subsequently converted into the corresponding diamine macrocycles 
122, 123 and 124 by reduction with diborane . 
Protonation of ligands 122-124, and their complexation with 
Cu(II) and Cu(I) , has also been studied. 101 ' 102 An increasing order 
of stability of the Cu(II) complexes with the -twelve- and fourteen-
membered rings was observed . When the ring size was increased to 
sixteen, however , a drop in the stability constant was found. Similar 
103 trends have also been observed for related tetraaza-macrocycles . 
The relative stabilities of Cu(I) and Cu(II) derivatives of 
108 
macrocycles 122- 124 have been associated with the different geometric 
requirements of the copper ion in the two oxidation states . 
Macrocycle 127 with a fourteen-membered ring appears to be ideally 
suited to form square- planar complexes and gave a Cu(II) complex with 
a lower redox potential (E112 ca . 80 mV) than either of those 
containing 122 or 124. Models indicated that the sixteen-membered 
r ings were too large for square- planar coordination, but that the fit 
was strain-free in a tetrahedral situation . Indeed , ligand 124 forms 
the least stable copper(II) complex (highest redox potential E112 ca . 
400 mV ) . The twelve - membered ring 122, which is likely to produce 
trigonal-bipyramidal or square-pyramidal cations, gave rise to stable 
copper(II) complexes as indicated by a relatively low redox potential 
102 ( E1 12 ca . 1 20 mV) . 
3 .1. 4 Trans - S2 N2 -Macrocycle Systems . 
There is very little in the literature on S 2 N2 macrocycles 
containing a trans arrangement of like donors. This appears to be due 
s 
/ 
N 
125 
s s 
126 
N 
/ 
127 
to the requirement of a more demanding synthetic strategy to obtain 
such molecules . The preparation of the trans-S 2 N2 macrocycle 125 was 
1 04 
reported independently by three groups, but metal complexes of 
this ligand do not appear to have been prepared. 
109 
The sixteen-membered ring analogue 126 has also been 
105 prepared . The involvement of two pyridine moi eties in 125 and 126 
may ma ke the rings too rigid to accommodate transition metal ions . 
The more flexible molecule 127 has been synthesized in low yield by 
the reaction of 2 , 6-bis(bromomethyl)pyridine with 2 , 2 ' -
(methylamino)bis(ethanethiol) . 106 Reaction of the diacid chloride of 
2 , 2 ' -thiobis(acetic acid) and 2 , 2 ' -thiobis(ethanamine) under hi gh 
dilution conditions gave the corresponding dilactam, which was then 
128, R=H 
129, R=Me 
131, R=COCH 2 0CH 2 C0 2 (p-C 2 H~N0 2 ) 
reduce d with diboran e to t he t welve - mem bered macr oc ycle 128. lOO , l0 7 
Deriva tisati on of 128 a t the n itrogen atom s with an appropriate 
107 
a l kylat ing or acylating agent lead to macrocycles 129-131 . The 
coordina tion properti es of 129 have been investigated with 
copper(II ) , cobalt (II) , zinc(II) , cadmium( II ) , lead( I I) , and 
silver ( I ) . 108 
Tr ans- S2 N2 macrocycles 132 and 133 ha ve been prepared from 
the hi gh diluti on condensation of the diacid chlorides with the 
appropriat e diami nes , followed by the reduction with diborane . The 
copper(II) and n ickel(II) coordination chemistry of the trans-S 2 N2 
macrocyc l es 128, 132, and 133 was found to f ollow a similar pattern 
. . 1 00 1 01 1 02 to that of the c1s l i gands 122-124, ' ' a lthough complexes of 
cis macrocycl es wer e in ge ner al found to be more stable . Potentiall y 
11 0 
dinucleating t r icyclic ligands 134 and 135, each containing two 
trans-S 2 N2 rings , have been prepared and the properties of 
copper(II) , nic ke l (II) , and silver(I) derivatives have been 
t d . d 107 s u 1e . _ 
132 
o a 
134 , X=O 
1 35 , X=H 2 
(\ CS HN) 
NH S 
u 
133 
e were interested in extending the methodology used in 
prepar ing the arsenic containing macrocycles 74 and 75 to the 
synthesis of related molecules in which the arsenic centres have been 
replaced by oxygen or sulfur atoms (Figure XXI) . As described above 
only the diimine 110 has previously been prepared in low yield via a 
metal template reaction (Section 3 . 1. 2) . 90 
1 1 1 
3.2. Results and Discussion 
By analogy with the methodology used to prepare trans-As 2 N2 
macrocycles (Section 2.1), compounds 139 and 140 were selected as 
precursors to the diimine macrocycles 110 and 136, respectively. It 
was anticipated that both compounds 139 and 140 would undergo Schiff 
base dimerisation following oxidation of the hydroxymethyl group . 
N ) 
X 
74, X=AsMe 
110, X=O 
136, X=S 
Figure XXI. Family of trans-X 2 N2 macrocycles. 
3.2.1 Preparation of Precursors, 139 and 140 
NH ) 
X 
75, X=AsMe 
137, X=O 
138, X=S 
The precursor to diimine macrocycle 110 was obtained as 
shown in Scheme XXVII. Bromoethylation of salicylaldehyde with 1 , 2-
dibromoethane gave the bromide 141 in 40% yield as a colourless oil . 
The moderate yield of the bromide 141 was due · to the concomitant 
formation of the disubstituted product 2 , 2'-[1,2-ethanediylbis(oxy)]-
bis(benzaldehyde).86 The 1 H NMR spectrum of 141 in CDC1 3 exhibited 
resonances at o 10.45 (CHO), o 7 . 80-6 . 80 (ArH), and two sets of 
11 2 
79, X=AsMe 
139, X=O 
140, X=S 
OH 
triplets at o 4 .40 (CH 2 0) and o 3 . 66 (CH 2 Br) for the alkyl protons. 
The bromide 141 was converted into the corresponding azide 142 in 70% 
yield by treatment with sodium azide in aqueous ethanol . The azide 
Scheme XXVII 
CHO I\ 
NaOH / Br Br 
CHO 
OH 0 Br 
\__/ 
14·1 
CHO 
0\__JNH2 
142 139 
11 3 
142 showed 1H NMR signals at o 10 . 10 (CHO) , o 7 . 83-6 . 83 (ArH), and 
two sets of triplets at o 4 . 20 (CH 2 0) and o 3 . 68 (CH 2 N) for the alkyl 
-1 chain protons . The infrared absorptions at 2160, 2110, and 2070 cm 
were characteristic of the azide group 109 and a sharp band at 1680 
- 1 
cm was found for the carbonyl group . Treatment of 142 with LiAlH
4 
gave the precursor 139 in almost quantitative yield . In the 1 H NMR 
spectrum of 139 the benzylic protons appeared as a singlet at o 4 . 66 . 
The resonances due to NH 2 and OH overlapped and appeared as a 
singlet, the chemical shift of which was found to be dependent upon 
concentration . 
The starting materials for the preparation of macrocycle 136 
were obtained as shown in Scheme XXVIII . The commercially available 
2-mercaptobenzoic acid was converted by a modified literature 
method 110 into 2-mercaptobenzenemethanol, 143, by treatment with 
LiAlH 4 • Aminoethylation of the sulfur centre in 143 was effected by 
reaction with NaOH and 2-chloroethanamine in methanol (75 % yield). 
Scheme XXVIII 
143 
I\ 
NaOH/ Cl NH2 
140 
11 4 
The resulting precursor 140 exhibited resonances in the 1 H NMR 
spectrum at o 4.74 for the benzylic protons, two sets of triplets at 
o 2.98 (CH 2 N) and o 2.81 (CH 2 S) due to the methylene groups, and the 
usual aromatic multiplet. The chemical shift values of the resonances 
due to NH 2 and OH overlapped and appeared as a singlet, the position 
of which was again found to be dependent upon concentration and 
solvent. 
3.2.2 Barium Manganate Oxidation of Precursors 139 and 140: 
Preparation of Diimine Macrocycles 110 and 136 
The strategy involved in the preparation of diimine 
macrocycles 110 and 136 was based upon the spontaneous dimerization 
of the appropriate precursors 139 and 140 after barium manganate 
oxidation (Scheme XXIX) . Thus, treatment of precursor 139 with BaMnO 4 
in dichloromethane, followed by the usual work-up, gave a viscous 
oil. Crystallization of the oil from benzene-hexane mixture gave 
white crystalline needles of trans-O 2 N2 diimine 110 in 65% yield. 
Scheme XXIX 
2 
~ 
X 
(NH 
2 
1 39, X=O 
1 40, X=S 
OH 
X 
BaMn04 ( N ) 
X 
11 0, X=O 
1 36, X=S 
11 5 
The 1 H NMR spectrum (C DC1 3 ) of 110 exhibited a si ngl et a t o 8 . 88 
(CH=N), a multiplet in the r ange o 7. 69- 6. 81 (aromatic) a nd t wo s et s 
of triplets at o 4.21 (CH 2 0 ) and o 4 . 02 (CH 2 N) (Table V). A sharp 
-1 
absorption at 1640 cm . (vC=N) was obs erved in the infrared spectr um . 
A molecular weight determination of the crystalline solid suggest ed a 
diimine structure for 110 ( Figure XXI ) (osmometry, CH 2 Cl 2 ; found 292, 
+ 
calcd 294). This was further supported by pea ks at m/e 294 [ M] and 
+ 
m/e 266 [M-C 2 H4 ] (base peak) in the mass s pe ctrum. 
Table V. 1 H NMR Data of Diimines 110 and 136 and the Corr esponding 
Monoimines 144 and 145 in CDC1 3 Soluti on 
Compound o(CH=N) o(ArH) 
110 8. 88 (s) 7.69- 6. 81 (m ) 4. 21 (t) 4. 02(t) 
144 8. 21 ( s ) 7. 46- 6. 99(m) 4. 30(t) 4. 12( t) 
3 J=5 . 0 Hz 3 J=5 . 0 Hz 
136 8. 83( s) 8. 06 - 7. 27(m) 3. 60 ( t ) 3. 38(t) 
3 J=5 . 0 Hz 3 J =5 . 0 Hz 
145 8. 53(s) 7. 49-7 . 29(m) 3 . 96(t) 3. 50(t) 
3 J=5 . 6 Hz 3 J=5 . 6 Hz 
Oxidation of 140 with bari um manganate r esulted in the 
for mation of a glassy mat erial , whi ch upon recrystallisation from 
dichlorom et hane- methanol yielded the trans - S2 N2 diimine 136 in 55% 
yi eld. The 1H NMR spectrum of 136 had resonances at O 8 . 83 (CH=N) , a 
multiplet in t he r ange o 8 . 06- 7. 27 (ar omatic) and two s e t s of 
11 6 
triplets at o 3 . 60 (CH 2 ) and o 3 , 38 (CH 2S) (Table V) . The infrared 
- 1 
spectrum of 136 showed an absorption at 1640 cm due to vC= . A 
molecular weight determ·nation on 136 (osmometry , CH 2Cl 2; found 324 , 
calcd 326) confirmed the diimine structure (Figure XXI) ; this was 
+ f urther supported by a peak at m/e 326 [M] in the mass spectrum . 
3.2.3 onomer - Dimer Interconversion 
The monomer - dimer behaviour of the trans - 0 2 2 and the trans -
S2 2 diimines , 110 and 136, respectively , closely parallel s that of 
the trans - As 2 2 compounds (Section 2.4 ) . Thus , CDC1 3 solutions of 
diimines 110 and 136, after one day at room temperature , contained 
Scheme XXX . 
11 0 , X=O 
1 36 , X=S 
Neat 
2 
1 44, X=O 
1 45, X=S 
N 
the res ect~ e o o·. es , 144 ad 145 (Scheme XXX) , as ind·cated by 
1 H MR s,ec roscop :e os s·gnif·cant changes ·n the 1 H , R 
spectra ere obse~ ed t e azo ethine and aromatic reg·ons (Figures 
XX I I and XX __ ) . S · · ar changes i n the 1 H R spectra have 
rev·ous_ b "' 1 t d d . . . 7 7 ' go Th ct · · · een o sere or re a e 1m1nes . e 11m1nes 
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Aromatic 
CH=N 
( 6) 
Aromatic 
CH=N 
I I I I I I I I 
' 
I I I I 
9 8 7 6 ppm 
(a ) 
Figure XXII . 1 H NMR spectra in CDC1 3 solution of : (a) , 6 to 9 ppm 
region of diimine 110 (initially); and (b) , after one day, indicating 
the conversion of the diimine into monoimine 144. 
II.:-
1 1 8 
Aromatic 
CH=N 
( 6) 
Aromatic 
CH=N 
I I I I I I I I l I I I I 
9 8 7 6 ppm 
(a) 
Figure XXIII. 1 H NMR spectra in CDC1 3 solution of : (a), 6 to 9 ppm 
region of diimine 136 (initially) ; and (b) , after one day, indicating 
the conversion of the diimine into monoimine 145. 
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displayed a low field singlet (ca. 8.8 ppm) due to the azomethine 
protons, which disappeared with the monomer formation and a new 
singlet of the corresponding proton of the respective monoimines 
appeared at higher field (ca. 8.2 and 8.5 ppm for 144 and 145, 
respectively). A low field resonance (doublet of doublets) found 
among the broad manifold of aromatic resonances for the diimines also 
shifted to higher field with the monomer formation. The resonance 
shifts may be attributed to different conformational preferences of 
the diimine and monoimine species. The monomerisation process was 
accelerated by the addition of small quantity of trifluoroacetic 
acid (TFAH) to the sample . Thus, when a solution of diimine 110 was 
treated with a trace of TFAH, the solvent evaporated, and the 
resulting residue distilled, monoimine 144 was obtained as a 
colourless oil in 86% yield. The neat sample of monomer after 
standing for several days, or upon crystallisation , transformed into 
the crystalline diimine 110. The 1 H NMR spectrum of monoimine 144 
exhibited a singlet at o 8 . 20 (CH=N) , multiplets in the region 
o 7.46-6.99 (aromatic) , and two sets of triplets at o 4.30 (CH
2
0) and 
o 4. 12 (CH 2 N) (Table V). The infrared spectrum had an absorption at 
1640 cm-1 due to vC=N· The monomeric nature of 144 was confirmed by a 
molecular weight determination (osmometry , CH 2 Cl 2 ; found 161, calcd 
+ 147) and by mass spectroscopy (m/e 147 [M] ). The corresponding 
monomeric sulfur analogue 145 could not be isolated by distillation 
of a sample of diimine 136 after treatment with a small amount of 
TFAH . The main evidence for the formation of 145 was obtained by 1 H 
NMR spectroscopy (Figure XXIII) and by conversion of it into the 
known monoamine 149111 (vide infra) by LiAlH 4 reduction of a sample of 
diimine treated with TFAH . 
120 
We have no evidence for the formation of the int er me di ate 
aldehyde species 146 during the monoimine-diimine interconversion. 
Although many pathways for the process are possible, present results 
suggest a route involving a 1 ,3-diazetidine species 14777 (cf. trans-
As2N2 analogue, Section 2.4). Opening of the four-membered ring of 
147 as indicated by the arrows would produce the diimine, whereas 
opening in the opposite direction would lead to the monoimine. 
It was also observed that the rate of monomer-dimer 
interconversion depended upon factors such as: (a), the polarity of 
the solvent, (b), the concentration of the solution, and (c), the 
presence of acid or water in the solvent. For example, the 
rearrangement into monoimine was rapid in nitromethane, but it was 
slow in toluene. High concentrations of the diimine reduced the rate 
of formation of the monoimine, whereas the addition of a trace of 
TFAH, or water, enhanced the rate. 
"-::: 
0 ( H 
c:H 
H 
~ 
xv 2 
146 147 
X 0,S 
3.2.4 Prepar ati on of Di amine Macrocycl es 137 and 138, and the 
Corresponding Monoam ines 148 and 149 
The pr eparation of the di amine macro cycl es 137 and 138 was 
achieved by the lithium aluminium hydride reduction of the 
---
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corresponding diimines 110 and 136 in tetrahydrofuran (Scheme XXXI) . 
The diimine (solid) was added to a suspension of LiAlH 4 in 
tetrahydrofuran (rather than the more conventional dropwise addition 
Scheme XXX I 
110, X=0 
136, X=S 
LiAIH4 
137, X=0 
138, X=S 
+ 
H 
Neat 
1 44, X=0 
145, X=S 
148, X=0 
149, X=S 
NH 
of a solution of the substrate into a suspension of the reducing 
agent) to reduce the possiblity of monomerization during a slow 
addition process . In this way the potentially quadridentate diamine 
macrocycles 137 and 138 were obtained in almost quantitative yields 
as crystalline white solids. On the other hand , treatment of diimines 
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110 and 136 with a trace of TFAH (in boiling diethyl ether) prior to 
reduction with LiAlH 4 (Scheme XXXI) led to the respective monoamines 
148 and 149 as colourless liquids . The 1 H NMR data of the diamines 
137 and of 138 and the monoarnines 148 and 149 are summarised in 
Table VI. 
Table VI . 1 H NMR Data of Diamines 137 and 138 and the Corresponding 
Monoamines 148 and 149 in CDC1 3 Solution 
Compound o(ArH) 
137 7. 2 8-6 . 82 ( m) 3 . 83 ( s) 4. 16(t) 3.11(t) 
148 7 . 27-6 . 94(m) 3.95(s) 4 . 02(t) 3 . 20(t) 
138 7.26-6.99(m) 3.85(s) 3 .24(t) 2. 70(t) 
149 7 . 58-7.10(m) 4.1 3(s) 3.38(t) 2. 76(t) 
3 J=5.1 Hz 3 J=5.1 Hz 
3.2.5 Preparation and Solid State Structures of Metal Complexes 
The nickel(II) complexes of diimines 110 and 136, and of 
diamines 137 and 138, were prepared by reacting the appropriate free 
ligand and [Ni(H 2 0) 6 ]Cl 2 in alcohol. The diimine complex [Ni(110)Cl 2 ] 
was obtained as light green crystals containing 2 . 5 H2 0 from a 
methanol-2-propanol mixture . The X-ray crystal structures of the 
previously known related complexes [Ni( 110)I 2 J91 and [Ni( 111)I 2 J92 
displayed trans-octahedral and cis-octahedral geometries around the 
nickel atom, respectively . The complex [Ni( 136)Cl 2 ] of the trans-S 2 N2 
diimine yielded bright green triclinic crystals upon 
recrystallisation from aqueous ethanol . An X-ray structure 
det ermination confirmed the cis-octahedral coordination geometry 
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Table VII. Selected Bond Distances (A) and Bond Angles ( 0 ) of the Two 
Conformers of [Ni(136)c1 2 J112 
Distances (A) (a) ( b) 
Ni -C 1 ( 1 ) 2.41 8 ( 1 ) 2 . 432 ( 1 ) 
Ni-C 1 ( 2) 2.409 (2) 2. 408 ( 1 ) 
Ni-N(8) 2 . 11 4 ( 4) 2 . 084 ( 4) 
Ni-N(17) 2.086 (5) 2 .077 ( 4) 
Ni-S(5) 2.370 (2) 2. 336 ( 2) 
Ni-S(14) 2.358 ( 2) 2 . 357 ( 2) 
Angles ( 0 ) 
Cl(1)-Ni-Cl(2) 94. 5 ( 1 ) 96 . 1 ( 1 ) 
N(1)-Ni-N(2) 89.7 ( 2) 83. 9 (2) 
S(1)-Ni-S(2) 173.5 ( 1 ) 178. 9 ( 1 ) 
Cl(1 )-Ni-N(1) 1 77. 1 ( 1 ) 1 7 4. 1 ( 1 ) 
Cl(2)-Ni-N(2) 176.4 ( 1 ) 1 73. 0 ( 1 ) 
around the nickel(II) ion with cis-nitrogen and cis-chlorine donors 
and trans sulfur donors (Figure XXIV) . 112 Furthermore, the complex 
contained both possible conformations of the molecule in each unit 
cell . In conformer (a) the five-membered ring conformations are of 
opposite helicity (A,o) 113 and in (b) they have the same helicity 
(A,A or o,o) as shown in Figure XXIV. Bond distances in the 
structures are not significantly different, but small distortions 
from regular octahedral coordination are indicated in both conformers 
by the unequal metal-donor distances and the deviations of the angles 
Cl-Ni-S, N-Ni-S, N-Ni-N, and N-Ni-Cl from 90° (Table VII). The Ni-N 
mean bond length of 2.09 A in structures (a) and (b) of Figure XXIV 
was significantly longer than the distance or 2 . 009 A observed for 
the previously reported fifteen-membered cis-0 2 N2 diimine complex, 
but lies in the range 1.92-2 . 10 A observed for other high-spin 
nickel(II) complexes of imine ligands. 114 
The nickel(II) complex [Ni( 137 )Cl 2 ] of the trans-0 2 N2 
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Cl (1) 
( b) 
(a ) 
Figure XXIV . ORTEP drawings of the two conformers (a) and (b) present 
in [Ni( 136 )Cl 2 ] . 112 
125 
Cl (l) 
75 
Figure XXV . ORTEP drawing of [Ni( 137)Cl 2 ] . 
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diamine was isolated as blue crystals upon recrystallisation 
frommethanol. An X-ray crystal structure determination75 of the 
complex indicated a trans-dichloro structure (Figure XXV), which 
closely resembles that found in the dichloronickel(II) complex of 
the fourteen-membered cis-0 2 N2 macrocycle
115 (Figure XXVI). In 
[Ni(137)Cl 2 ], the four donors and the nickel atom were coplanar. 
Figure XXVI. ORTEP drawing of the nickel(II) complex of the related 
. 0 N d' . 115 c1s- 2 2 1am1ne . . 
The distortions from the regular octahedral geometry are reflected by 
the considerable variations of bond lengths and angles around the 
nickel atom (Table VIII). A significant difference in the two Ni-Cl 
bond lengths (0 . 04 A) was also observed in [Ni(137)Cl 2 ]. A similar 
effect was noted in the nickel(II) complex of the fourteen-membered 
cis-0 2 N2 diamine, which was attributed to intermolecular hydrogen 
11 5 bonding between the chlorine atoms and amino protons. The Ni-N 
(1.989 and 2. 005 A) and Ni-0 (2 . 066 and 2 . 064 A) bond lengths in 
[Ni( 137)Cl 2 ] were comparable with the Ni-N (1. .993 and 2 . 003 A) and 
Ni-0 (2.100 and 2.085 A) distances observed for the fourteen-membered 
cis-0 2 N2 nickel(II) complex. 115 Interestingly, the above distances 
are less than the mean Ni-N and Ni-0 distances found for a range of 
Ni-secondary amine (2.11 A) and Ni-ether (2 .15 A) bonds in high-spin 
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Table VIII . Selected Bond Distances (A) and Bond Angles ( 0 ) of 
Distances (A) 
Ni-0(5) 2. 066 ( 5) 
Ni-0 ( 1 4) 2 . 064 ( 5) 
Ni-N(8) 2. 005 ( 7) 
Ni-N(17) 1 . 98 9 ( 6) 
Ni-Cl(1) 2 . 430 ( 3) 
Ni-Cl(2) 2. 473 ( 3) 
Angle ( 0 ) 
0(5)-Ni-N(8) 85 . 5 ( 2) 
0 ( 5) -Ni -C 1 ( 1 ) 94 . 3 ( 2) 
0(5)-Ni-0(14) 172 . 6 (2) 
0(5)-Ni-N(17) 94 . 5 ( 2) 
0(5)-Ni-Cl(2) 86 . 7 ( 2) 
N ( 8) - Ni -C 1 ( 1 ) 87. 1 ( 2) 
N(8)-Ni-0(14) 95 . 4 ( 2) 
N(8)-Ni - N(17) 175 . 3 (3) 
N(8)-Ni-Cl(2) 92 . 6 ( 2) 
C 1 ( 1 ) - Ni -0 ( 1 4 ) 93 . 1 ( 2) 
Cl(1 )-Ni-N( 17) 88 . 3 ( 2) 
Cl(1)-Ni-Cl(2) 179 . 0 (1) 
0(14)-Ni-N(17) 85. 1 ( 2) 
0(14)-Ni-Cl(2) 86 . 0 ( 2) 
N(17)-Ni-Cl(2) 92 . 1 ( 2) 
11 4 
complexes . The shorter Ni-donor distances suggest that appreciable 
ring constriction is present in [Ni(137)Cl 2 ] . 
As an extention of the above study, an X-ray structure 
determination of the corresponding sulfur analogue [Ni(138)Cl 2 ] was 
performed (Figure XXVII) . 75 The selected bond lengths and bond angles 
128 
Figure XXVII . ORTEP drawing of [Ni( 138)Cl
2
J . 75 
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are given in Table IX. The complex [Ni(138)Cl 2 ] crystallised from 
aqueous 2-propanol as a blue crystalline hemihydrate. The 
coordination geometry around the nickel atom in [Ni(138)Cl 2 ] was cis-
octahedral as found for the diimine analogue, [Ni(136)Cl 2 ], but was 
different from that found for the corresponding trans-0 2 N2 diamine 
Table IX. Selected Bond Distances (A) and Bond Angels ( 0 ) of 
[Ni ( 1 38 ) C 1 2 ] 75 
Distances (A) 
Ni-S(5) 2.407 ( 2) 
Ni-S(14) 2.376 ( 2) 
Ni-N(8) 2.108 ( 6) 
Ni-N(17) 2 .128 ( 7) 
Ni -C 1 ( 1 ) 2. 398 ( 2) 
Ni-Cl(2) 2.472 ( 2) 
Angles ( 0 ) 
S(5)-Ni-N(8) 85 . 9 ( 2) 
S ( 5) -Ni -C 1 ( 1 ) 88 . 7 ( 1 ) 
S(5)-Ni-S(14) 178.5 (1) 
S(5)-Ni-Cl(2) 92. 9 ( 1 ) 
S(5)-Ni-N(17) 93. 1 ( 2) 
Cl(1 )-Ni-N(8) 84. 5 ( 2) 
Cl(1)-Ni-S(14) 92 . 0 ( 1 ) 
Cl(1)-Ni-Cl(2) 91 . 7 ( 1 ) 
Cl(1 )-Ni-N(17) 177.4 (2) 
N(8)-Ni-S(14) 92 . 8 (2) 
N(8)-Ni-Cl(2) 176.0 (2) 
N(8)-Ni-N(17) 93 . 7 ( 2) 
S(14)-Ni-Cl(2) 88 .4 ( 1 ) 
S(14)-Ni-N(17) 86 . 3 ( 2) 
Cl(2)-Ni-N(17) 90. 2 ( 2) 
.... 
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complex [Ni(137)Cl 2 ]. Substitution of the two ether oxygens in 
macrocycle 137 by two thioether sulfurs caused a change in the nickel 
coordination geometry from trans-octahedral to cis-octahedral. One 
might have anticipated, however, that macrocyle 138, with a 
relatively large ring due to the presence of four long C-S bonds, 
might have provided a more suitable cavity for the high-spin 
nickel(II) than the oxygen counterpart 137. The presence of a larger 
ring was apparently compensated by the greater covalent radius of the 
sulfur donors in macrocycle 138 compared to the oxygen donors in 137. 
In contrast to this difference in coordination geometry observed with 
[Ni(137)Cl 2 ] and [Ni(138)Cl 2 ], both previously reported fifteen-
membered cis-0 2 N2 and cis-S 2 N2 macrocycles were capable of providing 
a near ideal cavity for high-spin nickel(II) and formed trans-dihalo 
11 6 
complexes _ (Figure XXVIII). 
Figure XXVIII . ORTEP drawings of trans-dihalo nickel(II) complexes of 
11 6 fifteen-membered cis-0 2 N2 and cis-S 2 N2 macrocycles. 
A comparison of the diimine complexes [Ni(110)Cl 2 ] and 
[Ni(136)Cl 2 ] with the respective diamine complexes [Ni(137)Cl 2 ] and 
[Ni(138)Cl 2 ] revealed that the presence of the imine linkages led to 
1 31 
a very small reduction in the size of the cavity available to the 
nickel after allowance was made for the smaller covalent r adius of 
the sp 2 nitrogen (in the imine) compared with that of the sp 3 
nitrogen (in the amine) . Similar observations have been made by 
Lindoy et al . for the corresponding cis-0 2 N2 systems .
115 
3-3 Experimental 
3 . 3. 1 Gen er al 
The general experi mental techniques are same as those 
described in Section 2.9.1. 
3.3. 2 Preparation of BaMn0 4 
The following is a modified literature preparation . 74 
Potassium permanganate (158 g, 1 .0 mol) and barium chloride dihydrate 
(244 g, 1 . 0 mol) were dissolved in hot (80 °c) water (1 . 5 L). When 
all of the solids had dissolved, a solution of sodium hydroxide (40 
g , 1 .0 mol) and potassium iodide (40 g, 0.24 mol) in water (100 mL) 
was rapidly added with stirring . The mixture was heated for a further 
30 min . The resulting black crystalline product was filtered off, 
washed with water (5x200 mL) and dried in vacuo (110 °c (28 mm Hg)) 
for 3 h. This material was then dehydrated by azeotropic distillation 
with benzene and finally dried at 150 °C (0 . 02 mm Hg) for 2 h (245 g , 
96%) . The oxidant remained active indefinitely when stored under an 
inert atmosphere. 
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3.3.3 Preparation of li gands 
2-(2-Bromoethoxy)benzaldehyde , 141. A mixture of 
salicylaldehyde (150 g , 1 . 2 mol) and 1,2-dibromoethane (350 g, 1 . 86 
mol) was heated under refl ux and a solution of NaOH (54 g, 1 . 35 mol) 
in water (375 mL) was added dropwise with stirring over a period of 
30 min . After a further 20 h of heating under reflux the mixture was 
cooled to room temperature and the organic phase was separated . The 
aqueous phase was extracted with dichloromethane (2x100 mL) . The 
organic extracts were combined , washed with aqueous 10% NaOH ( 100 
mL) , dried (MgS04 ) , filtered , and the solvent was removed. Upon 
distillation the product was obtained a s a colourl ess oil , bp 130-1 45 
0 c (0 . 02 mm Hg) , 80 g (4 0%) . Anal . Cal cd f or C9 H9 Br0 2 : C, 47 . 2 ; H, 
4 . 0 . F o un d : C , 4 7 . 1 ; H , 3 . 8 . 1 H N MR ( CD C 1 3 ) : o 1 0 . 4 5 ( 1 , s , CH O ) , 
7 . 80-6 . 80 (4 , m, ArH ) , 4 . 40 ( 2 , t, 3 J=6 . 0 Hz , CH2 Br ) , 3 . 66 ( 2 , t , 
- 1 3 J=6 . 0 Hz, CH 2 0) . I R (Neat) : 1680 cm (vC =O) . Mas s Spectrum m/e 230 , 
+ - + + 228 [M+2] , [ M] , 149 [M - Br] . 
2-(2-Az idoethoxy)benzaldehyde , 142. A solution of bromide 
141 (40 g, 0 . 17 mol) in ethano l (500 mL) was heated at 60 °c and a 
solution of sodi~m azide (18 g , 0 . 28 mol ) in wat er ( 150 mL ) was 
carefully adde d dropwise with s tirring . The resulting solution was 
heated a t 60 °c f or 3 days in the dark . he ethanol was removed at 
r educed pr essur e , more water (500 mL) was added and the product was 
extract ed i nto dichlor omethane (2x200 mL ) . The combined organic 
extracts wer e dri ed ( gS04 ) , f iltered , and concentrated to give a 
viscous or an ge liquid, wh i ch crystallized from diethyl ether -
petrol e um e ther as l i gh t ye l low needles with mp 43 - 45 °C , 24 g (71%) . 
Anal . Calcd for C9 H9 3 0 2 : C, 56 . 5 ; H, 4 . 7 ; N, 22 . 00 . Found : C, 56 . 6 ; 
H, 4 . 8 ; N, 21 . 5 . 1 H N MR (CD C 1 3 ) : o 1 0 . 1 0 ( 1 , s , CHO ) , 7 . 8 3-
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6. 8 3 ( 4 , m , Ar H ) , 4 . 2 0 ( 2 , t , 3 J = 6 . 0 Hz , CH 2 N 3 ) , 3 . 6 8 ( 2 , t , 3 J = 6 . 0 
-1 Hz, CH 2 0) . IR (Nujol): 2160 , 2110 , 2070 (\JN ), 1680 (\JC=O), 650 cm 
3 
2-(2-Aminoethoxy)benzenemethanol, 139. A solution of 
azide 142 (15 g, 78 mmol) in tetrahydrofuran (100 mL) was added 
dropwise to a suspension of LiAlH 4 (3 g , 79 mmol) in dry 
tetrahydrofuran (300 mL) at O °Cover a period of 30 mins. The 
mixture was allowed to stir at room temperature for one more hour and 
then excess LiAlH 4 was decomposed by the sequential addition of H2 0 
(3 mL), 4N NaOH (3 mL), and H2 0 (9 mL) . The solid was removed by 
filtration and washed with tetrahydrofuran (2x50 mL). The filtrate 
was dried (MgS0 4 ) and filtered and the solvent was removed under 
reduced pressure. The crude oily product was crystallised from 
methanol-diethyl ether as white needles with mp 64-66 °c (12.7 g, 
97%). Anal . Calcd for C9 H13 N0 2 : C, 64.7; H, 7.8; N, 8.4. Found: C, 
6 4 . 9 ; H , 7 . 8 ; N , 8 . 0 . 1 H N MR ( CDC 1 3 ) : o 7 . 3 3- 6 . 6 6 ( 4 , m , Ar H ) , 4 . 6 6 
(2 , s , CH 2 0H), 4 . 00 (2 , t, 3 J=6.0 Hz, CH 2 0), 3.05 (2, t, 3 J=6.0 Hz, 
CH 2 N), 2 . 58 (3, s, H2 , OH) . 13 C NMR (CDC1 3 ): o 157.1, 130.9, 129 . 2 , 
128.9, 121 . 3, 112.7 (ArC) , 70 . 4 (CH 2 0H) , 61 . 3 (CH 2 0), 41.5 (CH 2 N). IR 
- 1 (Nujol): 3350 , 3340, 3280 cm CvOH ' vNH). Mass Spectrum m/e 167 
+ [M] . 
6,7,15,1 6-Tetrahydro-dibenzo[f ,m][1 , 8 , 4 ,11 ]dioxa-
diazacyclotetradecine , 110. A solution of benzenemethanol 139 
(15 g , 90 mrnol) in dry dichloromethane (300 mL) was treated with 
BaMn0 4 (90 g, excess) and the reaction mixturB was stirred at room 
temperature for 10 h . The solid was removed by filtration through a 
pad of celite and washed with dichloromethane (4x50 mL) . The combined 
dichloromethane extracts were dried (MgS0 4 ), filtered, and the 
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solvent removed under reduced pressure to give a viscous oil . 
Crystallization of this material from benzene-n-hexane mixture gave 
the product as white needles: mp 115-125 °C (lit 90 . mp 73 -77 °C), 
Found : C , 7 3 . 1 ; H , 6 . 3 ; N , 9 . 5 . 1 H N MR ( CDC l 3 ) : o 8 . 8 8 ( 2 , s , CH= N) , 
7.69 (2, dd, 3J=7.6 Hz, 4 J=1.6 Hz, Ar-o-H), 7.38-6.81 (6, m, ArH), 
4 . 21 ( 4 , t , 3 J = 4 . 3 Hz , CH 2 0 ) , 4 . 0 2 ( 4 , t , 3 J = 4 . 3 Hz , CH 2 N ) . 1 3 C N MR 
(CDCl3): o ~63.0 (C9,c18)' 158.1, 131.9, 127.1, 125.5, 120.9, 11.4 
. -1 ( Arc) , 6 6. 0 ( C 6 , C 1 5 ) , 5 9. 0 ( C 7 , C 1 6 ) . IR ( NUJ ol ) : 1 64 0 cm ( v C= N) . 
+ + Mass Spectrum m/e 294 [M] , 266 [M-C 2 H4 ] • Mol. Wt. (Osmometry, 
6,7,8,9,15,16,17,18-0ctahydro-dibenzo[f,m][1,8,4,11 J-
dioxadiazacyclotetradecine, 137. A solution of diimine 110 
(5 g, 16 mmol) in dry tetrahydrofuran(20 mL) was added dropwise to a 
stirred suspension of LiAlH 4 (1 .21g 32 mmol) in tetrahydrofuran (200 
mL) at O °C. The mixture was allowed to stir at room temperature for 
a further 1 h. The excess LiAlH 4 was decomposed by the sequential 
addition of H2 0 (1.2 mL) , 4N NaOH (1.2 mL), and H2 0 (3.6 mL). The 
resulting solid was removed by filtration and washed with 
tetrahydrofuran (3x50 mL), and concentration of the combined 
filtrates under reduced pressure yielded the product as a white 
solid. This material was recrystallized from benzene-n-hexane as 
white needles: mp 170-171 °c, 4. 56 g ( 90%) . Anal. Calcd for 
1H NMR (CDC1 3) : o 7 . 28-6 . 82 (8, m, ArH), 4 . 16 (4, t, 3J=4.6 Hz, 
13C NMR (CDCl3): 0 157.5, 130.9, 129.0, 127.6, 120.8, 110.7 (ArC) , 
-1 
cm 
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+ (vNH). Mass Spectrum m/e 298 [M] . Mol . Wt . Osmometry (CH 2 Cl 2 ) 299 
(Calcd 298). 
2,3-Dihydro-1 , 4-benzoxazepine, 144. To a solution of 
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diimine 110 (1 g, 3 mmol) in dichloromethane (5 mL) was added a 
diethyl ether solution of TFAH (0 . 05 mL , 0. 1 M) . The mixture was 
heated under reflux for 1 h, whence the solvent was removed and the 
yellow oily residue was distilled using a Kugelrohr apparatus. The 
product was obtained as a colourless oil with bp 90 °C (0.2 mm Hg) 
(Kugelrohr) (Lit. 90 bp 90 °C ( 0.1 mm Hg)), 0 . 86 g (86%) . Anal . 
Calcd for C9 H9 NO: C, 73.5; H, 6.2. Found: C, 73-3; -H, 6 . 2. 1 H NMR 
( CDC 1 3 ) : o 8 . 21 ( 1 , s , CH= N) , 7 . 4 6- 6 . 9 9 ( 4 , m , Ar H ) , 4 . 3 0 ( 2 , t , 
3 J = 5 . 0 Hz , CH 2 0 ) , 4 . 1 2 ( 2 , t , 3 J = 5 . 0 Hz , CH 2 N ) . 1 3 C N MR ( CD C 1 3 ) : o 
161.2 (C 5), 158.6, 135.4, 132.3, 121 . 5, 119 . 7 (ArC) , 70.9 (C 2 ), 
-1 + 57.1 (c 3). IR (Neat): 1640 cm (vC=N). Mass Spectrumm/e 147 [M] . 
Mol. Wt . Osmometry (CH 2 Cl 2 ) 161 (Calcd 147). 
2,3,4,5-T etrahydro-1 ,4-benzo xazepine , 148. A solution of 
freshly distilled monoimine 144 (1 g, 6 mmol) in dry tetrahydrofuran 
(10 mL) was added dropwise into a suspension of LiAlH 4 (0 . 2 g, 5 
mmol) in tetrahydrofuran (100 mL) at O 0 c. The resulting mixture was 
stirred at room temperature for 1 h. The usual work-up, followed by 
distillation of the crude product afforded 148 as a colourless oil: 
bp 100 °C (0.05 mm Hg) (Kugelrohr) (Lit. 117 bp 103-105 °c (4 mm Hg)) 
0.75 g (74%). Anal. Calcd for C9 H11 NO: C, 72.4; H, 7.4. Found: C, 
7 2 . 7 ; H , 7 . 5 . 1 H N MR ( C D C 1 3 ) : o 7 . 2 7 - 6 . 9 4 ( 4 , m , Ar H ) , 4 . 0 2 ( 2 , t , 
CH 2 N ) . 1 3 C N MR ( C D C 1 3 ) : o 1 5 9 . 6 , 1 3 4 . 7 , 1 2 8 . 9 , 1 2 7 . 9 , 1 2 2 . 9 , 1 2 0 . 6 
-1 (ArC), 74.6 (C 2), 52 . 7 , 51 . 9 (c 3,c 5). IR (Neat): 3320 cm (vNH) . 
+ Mass Spectrum m/e 149 [M] . 
2-Mercaptobenzenemethanol, 143. This was prepared by a 
-------------------------------
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modified literature method. 110 A solution of 2-mercaptobenzoic acid 
(30 g, 0.19 mol) in tetrahydrofuran (100 mL) was added dropwise to a 
suspension of LiAlH 4 (8 g, 0.21 mol) in tetrahydrofuran (500 mL) at 0 
0 c. After 2.5 h of heating under reflux, the solution was cooled to 0 
0 c and a saturated solution of Na 2 S0 4 in 50% H2 S0 4 was carefully 
added until no further precipitation occurred. The resulting mixture 
was heated on a steam bath for 30 min and the solid was removed by 
filtration. The solid was washed with tetrahydrofuran (2x50 mL). The 
combined washings and the filtrate were then dried (Na 2 S0 4 ), 
filtered, and concentrated to an oil (16.4g). This material is 
sufficiently pure to be used in the next step. An analytical sample 
was obtained by distillation: bp 85 °c (0.03 mm Hg). 1 H NMR (CDC1 3 ) : 
o 7.40-7.00 (4 , m, ArH) , 4.76 (2, s , CH 2 0). IR (Nujol): 3350 (v0H), 
-1 2585 cm (v 5H). 
2-(2-Aminoethylthio)benzenemethanol, 140. A solution of 
NaOH (16 g , 400 mmol) in water (50 mL) was added dropwise to a 
mixture of thiol 143 (12 g, 86 mmol) and 2-chloroethanamine 
hydrochloride (35 g, 300 mmol) in methanol (150 mL) under reflux. On 
completion of the addition, the mixture was stirred overnight at room 
' temperature. The resulting precipitate was filtered off and the 
methanol removed under reduced pressure. Water (100 mL) was added and 
the product was extracted into dichloromethane (2x100 mL). The ,, 
organic extract was dried (MgS0 4 ), filtered, and concentrated to give 
a yellow oil, which crystallized from methanol-diethyl ether as white 
needles, mp 72-75 °C, 11 . 8 g (75%). Anal. Calcd for C9 H1 NOS: C, 59.0; 
H, 7.2; N, 7.6; S, 17.5. Found: C, 59.2; H, 7.3; N, 7.7; S, 17.2 . 
1 H NMR (CDC1 3 ) : o 7 . 42-7 . 20 (4, m, ArH), 4.74 (2 , s,CH 2 0), 2 . 98 (2, 
t, 3 J=6.3 Hz, CH 2 N), 2 . 81 (2, t, 3 J=6.3 Hz, CH 2 S), 2.74 (3, s, 
NH 2 ,0H). 13 C NMR (CDC1 3 ): o 142.7, 133.8, 131.7, 129.1, 128.4, 127.4 
1 37 
(ArC), 63.4 (CH 2 0) , 40 .5 (CH 2 N) , 38 . 3 (CH 2 S) . IR (Nujol) : 3340, 3280 
- 1 + 
cm (vOH ' vNH) . Mass Spectrum m/e 183 [M] . 
6,7,15,16-Tetrahydro-dibenzo[f,m][1,8,4,11 ]dithiadiazacyclo-
tetradecine, 136. A solution of benzenemethanol 140 (10 g , 54 mmol) 
in dry dichloromethane (500 mL) was treated with BaMn0 4 (70 g, 
excess) and the mixture was stirred overnight . The solid was removed 
by filtration and washed with dichloromethane (2x50 mL) and benzene 
(2x50 mL). The combined filtrate was dried (MgS0 4 ) , filtered, and 
evaporated under reduced pressure to give a glassy material . 
Crystallization of this material from dichloromethane-methanol 
mixture gave the product as white needles , mp 206-209 °C (dee . ) , 
Found : C, 66 . 2; H, 5.7; N, 8 .5. 1 H NMR (CDC1 3 ) : o 8 . 83 (2, s, CH =N) , 
8 . 06 (2 , dd , 3 J=7. 8 Hz , 4 J=1.7 Hz , Ar -o-H) , 7 . 66 - 7 . 27 (6 , m, ArH) , 
3 . 60 (4, t, 3 J=5.0 Hz, CH 2 N), 3 . 38 (4, t, 3 J=5 . 0 Hz , CH 2 S) . 13 C NMR 
(CDC1 3 ) : o ~62 . 9 (c 9 , c 18 ) , 139 . 3 , 138 . 3 , 135.5, 131.7, 128 . 4 , 127 . 4 
- 1 (ArC) , 59.3 (C7 , c16) , 39 . 1 (C6 , c15) . IR (Nujol) : 1640 cm (vC=N) . 
+ Mass Spectrum m/e 326 [M] . Mol . Wt . (Osmometry , CH 2 Cl 2 ) : Found 324. 
Calcd 326 . 
6 , 7 , 8 , 9 , 1 5 , 1 6 , 1 7 , 1 8- 0 ct ah yd r od i be n zo [ f , m ] [ 1 , 8 , 4 , 1 1 J d i th i a -
diazacyclotetradecine, 138. To a suspension of LiAlH 4 (2 . 33 g , 
61 mmol) in dry tetrahydrofuran (300 mL) was added diimine 136 (10 g , 
31 mmol) in small portions at room temperature over a period of 10 
min . The resulting mixture was heated at 60 °c for 2 h. After the 
usual work-up, the solution was dried (MgS0 4 ) , filtered , and 
concentrated to give a white solid, which , after recrystallisation 
from di chloromet hane-di ethyl ether mixture afforded white crystals , 
138 
6. 7 ; N, 8 . 5 ; S, 1 9. 4. Found: C , 65 . 6 ; H, 6. 9 ; N, 8. 6 ; S, 1 9. 3 . 
1 H NMR (CDC1 3 ) : o 7.26-6.99 (8, m, ArH), 3.85 (4, s, benzylic-CH 2 ), 
3 . 2 4 ( 4 , t , 3 J = 5 . 3 Hz , CH 2 N ) , 2 . 7 0 ( 4 , t , 3 J = 5 . 3 Hz , CH 2 S ) . 1 3 C N MR 
(CDC1 3 ): o 130 . 8, 133.7, 131.0, 128.5, 127.4, 125 .7 (ArC), 52.1, 45.6 
-1 (c 7,c 9,c16 ,c18 ), 33 .7 (c 6 ,c 15 ). IR (Nujol): 3300 cm (\) NH) . Mass 
+ Spectrum m/e 330 [M] . Mol. Wt. (Osmometry, CH 2 Cl 2 ): Found 328. Calcd 
330 . 
2,3-Dihydro-1 ,4-benzthiazepine, 145. To a solution of 
diimine 136 (1 g, 3 mmol) in dichloromethane (50 mL) was added TFAH 
(0.1 mL) at room temperature. After 1 day the solution was evaporated 
to a yellow viscous oil that contained mainly the product. 
Purification of the crude product was not possible due to 
dimerisation to the starting diimine, 1 H NMR (CDC1 3 ) : o 8 .53 (1, s, 
CH=N), 7. 49-7.29 (4, m, ArH), 3.96 (2, t, 3 J=5.6 Hz, CH 2 N) , 3 . 50 (2, 
t' 3 J=5. 6 Hz ' CH 2s). 1 3 C NMR ( CDCl 3) 0 1 64 . 1 (cs)' 1 32 . 2-127 . 4 (Arc) ' 
-1 52.1 (c 3) , 39 .6 (C 2 ). IR (Neat): 1638 cm (vC=N) . 
2 , 3,4 ,5-Tetrahydr o-1 ,4- benzthiazepine, 149. A solution of 
diimine 136 (1 g , 3 mmol) in diethyl ether (50 mL) was heated at 
r efl ux with TFAH (0 .1 mL) for , 5 days . The reaction mixture was cooled 
to room temperature and added dropwise to a stirred suspension of 
LiAlH 4 (350 mg , excess) in diethyl ether (100 mL) . After the usual 
work-up followed by distillation using the Kugelrohr apparatus, the 
product was obtained as a viscous oil, bp 170 °c (0 . 05 mm Hg) 
(Kugelrohr), 250 mg (25%) . Anal . Calcd for C9 H11 NS: C, 65 . 4; H, 6 . 7 . 
Found: C, 65 . 3 ; H, 6 . 9 . 1 H NMR (CDC1 3 ) : o 7.58-7 . 10(4, m, ArH) , 4 . 13 
(2, s , benzylic-CH 2 ), 3 . 38 (2 , t, 3 J=5.1 Hz , CH 2 N) , 2 . 76 (2 , t, 
-1 3 J=5.1 Hz, CH 2 S) . IR (Neat): 3320 cm (\)NH) . Mass Spectrum m/e 165 
[M]+ . [149] . HCl; mp 239-240 °C (L it. 111 mp 237-238 °C) . 
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3.3.4 Preparation of Metal Complexes 
Dichloro[6,7,15,16-tetrahydro-dibenzo[f,m][1,8,4,11 ]dioxa-
The diimine 110 (200 mg, 0.68 mmol) was added in small portions to a 
solution of [Ni(H 2 0) 6 ]Cl 2 (170 mg, 72 mmol) rn methanol (25 mL) at 60 
0 c. This solution was heated at reflux for 30 min, by which time the 
colour had changed from pale to bright green. The volume was reduced 
to ca. 10 mL and an equal amount of 2-propanol was added. On standing 
overnight, the solution yielded green crystals of the product. The 
crystals were filtered off, washed with cold methanol and diethyl 
ether, and dried in vacuo. Yield: (200mg). The filtrate was 
concentrated to ca. 5 mL and diluted with 2-propanol, cooled to O °C 
overnight, to give a second crop of crystals. Total yield: 250 mg 
4 6 . 1 ; H , 5 . 0 ; N , 6 . 0 . F o un d : C , 4 6 . 0 ; H , 4 . 7 ; N , 6 . 1 . I R ( N uj o 1 ) : 
-1 3300 (v 0H), 1635, 1600 cm (vC=N) . 
Dichloro[6,7,8,9,15,16,17,18-octahydro-dibenzo[f,m]-
[1,8,4,11 ]dioxadiazacyclotetradecine-N8,N17,05,014]nickel(II), 
- - -
[Ni(137)Cl 2 ]. Small portions of diamine 137 (200 mg, 0.67 
mmol) were added to a solution of [Ni(H 2 0) 6 ]Cl 2 (175 mg, 0.74 mmol) 
in n-butanol (50 ml) at 80 °c. After heating for another 15 min the 
light blue microcrystalline precipitate was filtered off, washed with 
acetone (10 mL) and diethyl ether (10 mL), and dried in vacuo, 
215 mg (75%). This material recrystallized from methanol-ethanol 
mixture as blue crystals with mp 290 °c (dee.). Anal. Calcd for 
C 1 8 H 2 2 C 1 2 N 2 N i O 2 : C , 5 0 . 5 ; H , 5 . 2 ; N , 6 . 6 . F o un d : C , 5 1 . 2 ; H , 5 . 5 ; N , 
-1 7 . 1 . I R ( N uj o 1 ) : 3 2 5 5 , 3 2 4 0 cm ( v NH ) . 
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Dichloro[6,7,15, 16-tetrahydro-dibenzo[f,m][1 ,8,4, 11 ]dithia-
diimine 136 (800 mg, 2.5 mmol) was added in small portions to a hot 
(75 °C) solution of [Ni(H 2 0) 6 ]Cl 2 (620 mg , 2.5 mmol) in n-butanol. 
After heating for a further 30 min, the resulting green solid w2.s 
filtered off and washed successively with n-butanol (10 mL) and 
diethyl ether (20 mL). The solid recrystallized from aqueous ethanol 
as dark green crystals: mp 270 °c (dee.), 1.05 g (94%). Anal. Calcd 
for C 1 8 H 1 8 C 1 2 N 2 Ni S 2 : C 4 7. 4 ; H, 4 . 0 ; C 1 , 1 5. 6 ; N, 6 . 1 ; Ni , 1 2. 9 ; S, 
14.1. Found: C, 47.7; H, 4.1; Cl, 15.6; N, 6.1; Ni, 12.6; S, 14.3. IR 
-1 ( N uj O l ) : 1 6 4 0 Cm ( \) C = N ) • 
Dichloro[6,7 , 8,9,15,16,17 ,18-oct ahydro-dibenzo[f,m]-
[1,8,4,11 ]dithiadiazacyclotetradecine-N8,N17,S5,S14]nickel(II) 
Hemimethanol Solvate, [Ni(138)Cl 2 ].0.5 Me0H. To a stirred solution of 
[Ni(H 2 0) 6 ]Cl 2 (590 mg, 2.5 mmol) in methanol (50 mL) was added the 
diamine 138 (800 mg, 2.4 mmol) in small portions over a period of 10 
min. The ligand dissolved immediately giving a blue solution from 
which, after ca. 10 min, light blue crystals deposited. The mixture 
was heated at 60 °C for a further 1 hand then filtered. The crystals 
were successively washed with .methanol (50 mL) and diethyl ether (50 
mL) and then dried in vacuo. Recrystallization of this material from 
aqueous acetonitrile gave dark blue crystals: mp 250 °C (dee.), 1.00 
5. 9. Foun ct: C, 4 6. 6 ; H, 5. 3 ; N, 5. 7. IR ( Nuj ol ) : 3 2 50, 32 4 5 
( vNH). 
-1 
cm 
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Dichloro[6 , 7,8,9,15,16 , 17,18-octahydro-dibenzo[f,m]-
[1 , 8 , 4 , 11 ]dithiadiazacyclotetradecine-N 8 , N17 ,S 5 ,S 14 ]nickel(II) 
Hemihydrate , [Ni( 138)Cl 2 ] . 0 . 5 H2 0 . To a solution of 
[Ni(H 2 0) 6 ]Cl 2 (196 mg, 0 . 82 mmol) in water (5 mL) was added the 
i 
diamine 138 (266 mg , 0 . 81 mmol) in small portions over 10 min. The 
resulting mixture was heated to ca. 70 °c for 30 min, filtered while 
hot and 2-propanol (1 mL) added . After standing overnight intensely 
blue crystals of the product were obtained : 250 mg (67%) . Anal. Calcd 
4. 6; N, 6.00 . 
1 42 
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